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This Article presents a nonequilibrium thermodynamic theory for the mean-field precipitation, ag-
gregation and pattern formation of colloidal clusters. A variable gradient energy coefficient and the
arrest of particle diffusion upon “jamming” of cluster aggregates in the spinodal region predicts ob-
servable gel patterns that, at high inter-cluster attraction, form system-spanning, out-of-equilibrium
networks with glass-like, quasi-static structural relaxation. For reactive systems, we incorporate the
free energy landscape of stable pre-nucleation clusters into the Allen-Cahn-Reaction equation. We
show that pattern formation is dominantly controlled by the Damko¨hler number and the stability of
the clusters, which modifies the auto-catalytic rate of precipitation. As clusters individually become
more stable, bulk phase separation is suppressed.
Keywords: nonequilibrium thermodynamics, cluster-cluster aggregation, reaction-diffusion, dynamic arrest,
phase-field modeling
I. INTRODUCTION
A colloid is a collection of nanometer- to micron-sized
particles interacting in a fluid or solution. There has been
much interest in studying colloids due to their ability to
mimic atomic systems inaccessible to microscopy [1], and
configure into functional, self-assembling structures [2–4].
For instance, the colloidal nature of cement paste, a ma-
terial of vast societal importance, has only recently been
exploited to gain insight into the characteristics that lend
it its exceptional mechanical properties [5–7]. Likewise,
the discharge products of lithium-ion batteries are be-
ing engineered to maximize ion transport and increase
energy storage [8, 9], and magnetic nanoparticles are be-
ing functionalized as drug delivery vehicles, sealants, and
separation aids [10–12].
Recent experiments on the thermodynamics of reactive
colloids have demonstrated pathways toward amorphous
or crystalline bulk structures via precipitation of stable
prenucleation clusters, and reconciled these findings with
classical nucleation theory [12]. In fact, two-step nu-
cleation from stable precursors has been demonstrated
in a host of particulate and biomineral systems [13–18].
Stabilizing mechanisms such as long-range electrostatic
forces [19–22], favorable ion coordination [15], and po-
lar or micellar association [23] allow persistent inter-
mediates to form that settle into bulk structures upon
super-saturation. Yet no physically consistent, system-
atic study has been brought forth to investigate the in-
fluences that control phase separation in these systems.
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In this Article, we examine the mean-field non-
equilibrium thermodynamics of reactive colloids that
form mesoscale structures by aggregation and precipita-
tion of stable precursors. Before introducing the reaction
rate, it is shown that a convex gradient energy penalty
reproduces characteristics akin to viscoelastic phase sep-
aration [24, 25], where contrasting entropic driving forces
rather than differing constitutive behavior summon a rich
set of gel-patterns also observable in nature. Dynamic
asymmetry between the low-density gas and high-density
gel phases is imposed by arresting particle diffusion at lo-
cal percolation in the spinodal region, allowing a quasi-
static system spanning gel to form. Next, we show that
once reactive kinetics are included, the heterogeneity of
the system is principally controlled by the Damko¨hler
number — the ratio between the reaction rate and the
cluster diffusion rate — and the stability of the cluster
intermediates. In particular, the thermodynamic land-
scape of clusters fully parameterizes a generalized Eyring
reaction rate that enhances or suppresses bulk nucleation
from solution [12, 26].
II. NONEQUILIBRIUM THERMODYNAMICS
OF ATTRACTIVE COLLOIDS
Experimental observations and mode-coupling theory
have demonstrated that two length scales dominate the
physics of attractive colloids [27–29]: Colloids aggregate
into clusters of characteristic size, which further assemble
into an arrested mesocopic network. Upon quenching —
that is, rapidly increasing the relative attractive strength
between particles, for instance by decreasing the temper-
ature or changing the constitution of the solvent — these
systems undergo glass-like dynamic arrest where cluster-
cluster aggregation exhibits limited bond-breakage and
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FIG. 1: (a) Stability diagram depicting the binoal, spinodal, and gelation lines at varying quench depths; the
gelation line corresponds to Eq. 6, and the black line indicates Ω˜ = 4.0 selected for panels (b) and (c), and all
simulation results of nonconserved systems. (b) Homogeneous part of Gibbs free energy of the clusters g˜h, where the
linear term (Ω˜− µ˜0)φ˜ has been added for clarity. (c) Homogeneous part of the diffusional chemical potential µ˜h,
with µ˜0 − Ω˜ and reservoir µ˜res indicated by dashed, horizontal lines. The red star indicates the packing fraction at
the gelation transition.
the structure factor Sq does not significantly change on
observational time scales. Akin to an athermal granu-
lar medium, the colloid-rich phase undergoes a jamming
transition due to the local crowding of cluster aggregates,
as opposed to grains, which presents a “hidden” binodal
at densities far below the thermodynamically predicted
dense equilibrium [30–32]. As an example, this gelation
line is drawn in red in the stability diagram shown in
Fig. 1(a)). For mechanically unperturbed systems, ther-
mal fluctuations promote densification toward equilib-
rium so slowly that further advances are made principally
by reactive precipitation into the local structure.
In particle systems with purely attractive interactions,
ergodicity breaking at the scale of clusters creates poly-
disperse cluster sizes. However, if weak, long-range repul-
sive forces are introduced, simulations and experiments
have shown colloids to form dilute suspensions of sta-
ble clusters with a narrow size distribution that persists
over days [20, 21]. Only after further increasing the mean
packing density or attractive strength does further aggre-
gation and phase separation proceed, leading to eventual
arrest at the scale of cluster aggregates. To model the
physics of these two length scales, we introduce a dy-
namic reaction-diffusion equation for colloidal clusters.
Clusters are treated as renormalized particles of charac-
teristic size a, whose local packing density is advanced
by a field variable φ and diffusion is driven by gradients
in the chemical potential of the clusters µ. The ability of
the dynamic equation to evolve realistic density patterns
of colloidal gels is first demonstrated on conserved sys-
tems, where an initially homogeneous density field is as-
signed, and no additional insertion or deletion of clusters
is permitted. These systems phase separate into high-
and low-density regions, where clusters, initially discon-
nected from one another, form cluster aggregates, whose
diffusivity is exponentially reduced at local percolation.
Though we admit that polydispersity in sizes of cluster
aggregates are relevant to the dynamics [33, 34], and that
the dynamics are a history dependent function of φ, the
present study aims to reduce model complexity by focus-
ing on the mesoscopic parameters that predict instability
and pattern formation. Thus, we do not explicitly track
the size distribution of the cluster aggregates; we reserve
a forthcoming study to add an additional microscopic
order parameter to investigate the elasticity of colloids
in a continuum setting. We continue our study by de-
riving a general reaction rate to form clusters that are
individually stable, but may collectively phase separate
if a mesoscopic energy barrier is crossed. Specifically,
the Allen-Cahn-Reaction equation, which was first intro-
duced into electrochemistry to model phase separation
in lithium-ion batteries [35, 36], utilizes the thermody-
namic landscape of the stabilized clusters to measure the
net rate of insertion. In other words, we model bulk nu-
cleation as a two-step process. Throughout this article
we refer to clusters as stabilized base units that assemble
into an out-of-equilibrium, mesoscopic gel network.
A. Dynamic equation for density patterns
We posit the internal chemical potential of a cluster
µ(φ,∇φ) as nonuniform, depending principally on the
local packing density φ and its gradient ∇φ [37]. Thus,
local cluster rearrangements are driven by spatial varia-
tions in µ, and the evolution of the system is modeled by
a general reaction-diffusion equation for nonequilibrium
thermodynamic mixtures [35, 37, 38],
∂φ˜
∂t
=∇ ·
(
Dφ˜
kBT
∇µ
)
+R(φ˜, µ, µres), (1)
where kBT sets the thermal energy scale, D(φ˜) is the
tracer diffusivity, R is a reaction rate controlling insertion
or deletion of clusters, and 0 ≤ φ˜ = φ/φm ≤ 1 is the
filling fraction with φm the maximum packing density
3(˜ is henceforth used to signify nondimensionalized and
normalized quantities). The first, conserved term is a
Cahn-Hilliard kernel that tracks cluster diffusion within
the domain [37], and the second, nonconserved term is
an Allen-Cahn reaction rate that acts as a cluster source
or sink [35, 38]. While diffusion depends only on the
local chemical potential, the reaction rate in this open
system depends also on the external reservoir potential
µres. The explicit expression for R will be derived in a
section below.
To calculate µ, the free energy landscape of a system
of volume V is measured using a Ginzburg-Landau func-
tional,
G =
∫
V
g(φ˜,∇φ˜)dV =
∫
V
(
gh(φ˜) +
κ(φ˜)
2
|∇φ˜|2
)
dV
(2)
where Gibbs energy density g is expressed as a sum of
homogeneous and inhomogeneous contributions. Because
the energy demanded in separating monomers quenched
into clusters far exceeds that needed to separate clusters
themselves, and we aim to model stabilized clusters that
form at a characteristic size, the homogeneous free en-
ergy density is expressed as a regular solution of cluster
occupied sites and vacancies
gh(φ˜)
nskBT
= φ˜ ln(φ˜) + (1− φ˜) ln(1− φ˜)− Ω˜φ˜2 + φ˜µ˜0 (3)
with site density ns [35]. Thus, clusters act as renor-
malized particles, where Ω˜ = Ω/kBT and µ˜0 = µ0/kBT
are, respectively, the interaction parameter between clus-
ters and chemical potential of a cluster in a dilute sys-
tem, each measured with respect to the thermal energy
scale. The double-well shape of gh is plotted in Fig. 1(b),
where two minima define low- and high-density thermo-
dynamic equilibria, and the concave spinodal region indi-
cates packing densities at which homogeneous base states
in conserved systems are unstable to density fluctuations.
The variable gradient energy coefficient for the inhomo-
geneous free energy contribution is chosen as
κ(φ˜)
nsa2kBT
=
2
9
κ˜0
φ(1− φ) , (4)
and encodes the interface width l ' (2/3)√κ0/Ω and
surface energy of the density field. De Gennes derived
the expression in Eq.(4) by relating the response of fluc-
tuations in the entropic portion of a free energy density
similar to Eq.(3) to the static structure factor and radius
of gyration of polymer coils [42, 43]. Here, we repur-
pose his result for our attractive colloids, where erdogic-
ity breaking at the scale of the clusters sets the length
scale of the density fluctuations. With Gibbs free energy
defined, the diffusional chemical potential is calculated
using the Euler-Lagrange equation [35]:
µ
kBT
=
∂g˜
∂φ
−∇ · ∂g˜
∂∇φ˜ = ln
(
φ˜
1− φ˜
)
− 2Ω˜φ˜+ µ˜0 + κ˜
′(φ˜)
2
|∇˜φ˜|2 − ∇˜ ·
(
κ˜(φ˜)∇˜φ˜
)
. (5)
This is the continuum analog to the standard definition
of the chemical potential in particle-resolved systems.
Above, ′ denotes ordinary differentiation, and the gra-
dient operator ∇˜ = Lsys∇ has been normalized by the
linear size of the system Lsys. The shape of the homo-
geneous part of the chemical potential µ˜h = dg˜h/dφ˜ is
plotted in Fig. 1(c), and will be discussed in relation to
the reactive system’s stability in greater depth below.
B. Glass-like arrest of particle diffusion
Several experimental investigations of phase separating
colloids have shown that dynamic arrest is initiated when
cluster aggregates crowd their local volume and the rate
of bond formation exceeds the rate of bond breakage at
a gelation line aptly described by [31, 44].
φg = φ
0
g exp
(
− Ω
χkBT
)
. (6)
Above, χ is a constant of order unity, and φ0g is a pack-
ing density near the glass transition of hard-spheres, here
chosen as φ0g = 1.5φm. As stated in Ref.[31], the expo-
nential form of Eq.(6) is suggestive of a thermally ac-
tivated process, whereby φg acts as the local packing at
which the number of kinetic pathways toward a lower en-
ergy state drastically reduces. Approaching this thresh-
old leads to a rapid increase of the mean size of the clus-
ter aggregates and a sharp decrease in local particle dif-
fusion. A plethora of details are relevant to accurately
modeling particle motion, including the size distribution
of the aggregates, its hydrodynamic interactions with the
solvent [45], the history dependence of the aggregation
process, and dynamical heterogeneity that varies across
orders of magnitude [33]. Because this article investigates
aggregation that is largely unidirectional, favoring net
densification, and we wish to maintain model parsimony,
we opt to introduce an expression for the tracer diffusiv-
ity that captures the general physics of motion, though
admittedly needs to be parameterized for the system at
hand.
On approach of the gelation line from low densities,
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FIG. 2: (a)-(c) Snapshots of φ˜(x) for conserved colloidal systems at t˜ = tL2sys/D0 = 1.0 for varying quench depths Ω˜;
darkness is proportional to φ˜. (d)-(e) Experimental images for (d) the demixing of milk protein [39], (e)
polystyrene-poly(vinyl methyl ether) [40], and (f) polystyrene-diethyl malonate solutions [41]. (g) Time evolution of
the characteristic domain size r˜ch, where t˜0 denotes the time of maximum interface area. (h) Evolution of the
characteristic domain size rescaled to show its stretched exponential behavior; r˜0ch corresponds to the domain size at
t˜0, and the insets show β ' C0(Ω− Ω˜0) and ln(τ) ' C1(Ω− Ω˜0)/(C2 + (Ω− Ω˜0)) with fitting constants Ci.
Simulations were run at numerical resolution 512× 512 and system size Lsys = 1 with parameters
κ0/nskBTL
2
sys = 0.001, χ = 3.0, γ = 1.2, ν = 0.88, ξ˜g = 50, and φ
0
g/φm = 0.4.
bulk measurements on attractive colloids show power-law
divergence in viscosity [31], observations expected to be
the result of particle motion that is increasingly collec-
tive [46–48]. As a consequence, we assume the diffusivity
to scale as D ∼ (ξ/a)γ/ν ∼ |φ−φg|−γ for φ < φg, where γ
and ν are critical exponents for the diffusivity and corre-
lation length ξ, respectively. Though diffusion drastically
reduces once the percolation cluster forms, continued mo-
tion in physical systems persists due to the finite size of
the system [49], cluster aggregates that remain discon-
nected from the percolation cluster [50], and activated
events caused by internal stresses and thermal fluctua-
tions [51]. Hence, we adjust the power-law relation for ξ
to its characteristic length at gelation, and infer φ = φg
as the packing density at which the cluster aggregates
percolate their cage of size ξg. Specifically, we relate φ˜g
and ξ˜g = (ξg/a) in our expression for the tracer diffusiv-
ity as follows:
D = D0
(
H() + ξ˜−1/νg exp
(
− ξ˜
1/ν
g
2
||
))γ
. (7)
Above, D0 ≈ kBT/3piaη is the tracer diffusivity in a
dilute system with η being the solvent viscosity,  =
(φ˜g − φ˜)/φ˜g is the reduced density, and H is the Heavi-
side function. The form of Eq.(7) imparts the following
characteristics on D: i) a power-law dependence on the
packing density at low φ˜, ii) ξg as the relevant length
scale at φg, and iii) a stretched exponential relaxation
upon arrest [51]. Similar to Vogel-Fulcher-Tammann re-
laxation in glasses [52], Eq.(6) ascribes dynamic arrest to
the loss of thermally activated rearrangement, and Eq.(7)
imposes an exponential decay in the collective diffusion
of cluster aggregates upon jamming.
C. Results for conserved systems
Before deriving the reaction rate R, we exemplify the
flexibility of our model in resolving pattern formation
of conserved fields. Simulations were run by imple-
menting the weak form of Eq.(1) in the open source
Multiphysics Object-Oriented Simulation Environment
(MOOSE) [53], a finite element analysis software. Tri-
als were run by initializing the density field at a ho-
mogeneous base state with mean filling fraction Φ˜ =
(
∫
V
φ˜dV )/V = 1/3 and adding Langevin noise with vari-
ance scaled by D to account for thermal fluctuations [54].
Figs. 2(a)-(f) compare snapshots of simulated and ob-
served colloidal mixtures quenched into varying states of
inter-cluster attraction. As displayed, adjusting inter-
cluster attractive strength, Ω˜, predicts dramatic changes
to the texture and dynamics of the resulting fields de-
spite fixing the mean filling fraction. The fields pre-
dict droplet nucleation at low Ω˜, metastable filaments
at moderate Ω˜, and a spanning honeycomb network at
high Ω˜ (Figs. 2(a)-(c)), similarly seen in experimental
analogs (Figs. 2(d)-(e)). For the relevant system, our
model reproduces several features also observed in vis-
coelastic phase separation [24, 25]: i) Nucleation of a
colloid rich phase, ii) volume shrinking of the colloid rich
phase and nucleation of holes therein, and iii) the for-
mation of a spanning network. However, instead of at-
tributing the kinetic asymmetry to differences in elastic-
ity, here the asymmetry results from differences in the
entropic penalty from density fluctuations. The convex
shape of κ and arrest of the colloid rich phase in the spin-
odal region dramatically reduces its interfacial tension,
whence the field in Fig. 2(b) evolved into its quasi-stable
nonspherical shape. For arrest at lower φg, the aggre-
gates become increasingly cohesive, invading the solvent
to form long-range bridges as is seen in Fig. 2(c). Unlike
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FIG. 3: (a) Structure factor of φ˜(x) for various Ω˜ at
t˜− t˜0 = 1.0 (thick lines) and t˜− t˜0 = 10.0 (thin lines),
where t˜0 denotes the time at which the interface area is
at its maximum; curves are vertically offset for clarity.
(b) Time evolution of the peak integrated intensity
I˜q =
∫
Sqdq˜; the legend indicating Ω˜ also corresponds to
the curves in (a). Dissolution and redoposition of small
“droplets” onto adjacent larger structures — Ostwald
ripening — is marked by step changes in Iq for Ω˜ = 2.5
and Ω˜ = 3.0. Time and length scales are normalized by
the dilute limit self-diffusivity of a cluster D0 and the
system size Lsys as follows: t˜ = tD0/L
2
sys, and q˜ = qLsys.
viscoelastic phase separation, spanning systems of col-
loidal aggregates become quiescent, showing little struc-
tural evolution over decades [45, 55], and phase inversion
is not observed; simulations for Ω˜ = {4.5, 5.0} were run
for a decade beyond the results shown in Fig.2 without
observing phase inversion.
For an isotropic density field, the structure factor is
calculated as
Sq(q˜) =
〈φˆ(q˜)φˆ∗(q˜)〉
Φ˜
, (8)
where φˆ(q˜) is the Fourier transform of φ˜(x˜), ∗ indicates
complex conjugation, and brackets denote spherical av-
eraging. Increased quench depths shift the peak fre-
quency in Sq toward shorter wavelengths, and a decline,
rather than growth, of long wavelengths (low q˜) signifies
a system-spanning gel of increasingly rigidifying, thin-
ning ligaments as discerned in Fig. 3(a). This finding is
verified in Fig. 2(g), which depicts the evolution of the
TABLE I: Parameters defining the free energy
landscapes of the stable cluster precursors, where
∆µ˜c = ∆µ˜
m
0 N +BN
2/3 + CN5/3, and B = 0.023 and
C = 2.608 are left constant.
Trial ∆µ˜m0 ∆µ˜0 α
T1 −0.883 2.864 0.376
T2 −0.890 2.608 0.324
T3 −0.900 2.240 0.273
T4 −0.920 1.422 0.205
characteristic domain size measured from the first mo-
ment in q˜ as
r˜ch =
(∫
q˜Sqdq˜
Iq
)−1
, (9)
where Iq =
∫
Sqdq˜ is the integrated peak intensity. For
low Ω˜, coarsening proceeds via Ostwald ripening (e.g.,
Ω˜ = 2.5; Fig. 2(a)) and contraction of gel filaments (e.g.,
Ω˜ = 3.5; Fig. 2(b)), adhering to early-stage diffusive
t˜1/3 power-law scaling for r˜ch [56–58]. In fact, loss of
step-changes in the evolution of Iq in Fig. 3(b) indicate
a clear distinction in coarsening dynamics. As Ω˜ is in-
creased, diffusive scaling in r˜ch is abandoned and domain
growth arrests into an out-of-equilibrium gel with antici-
pated bulk elasticity [59, 60]; here, percolation of the bulk
volume is a prerequisite for arrest. Denoting Ω˜0 as the
minimal quench depth to form a system spanning gel,
Fig.2(h) demonstrates stretched exponential relaxation
in the evolution of rch — typical of glass forming colloids
— , where the Vogel-Fulcher-Tammann time scale τ and
stretching exponent β are functions of the deviation from
the mesoscopic percolation threshold Ω˜− Ω˜0 [61]. As low
stretching exponents β < 1 are the result of spatially het-
erogenous dynamics, and β increases with Ω˜, heteroge-
neous dynamics are most prominent in weakly attractive
systems close to the gelation threshold.
D. Reaction rate governed by stable cluster
precursors
Our reaction rate R adapts to evidence that many
chemical systems demonstrate pathways to nucleation
from stable prenucleation clusters [14–18, 62]. These
intermediates accelerate (decelerate) nucleation by de-
creasing (increasing) the change in free energy ∆µ =
µ − µres upon being added to the bulk structure [12].
Specifically, we denote ∆µ as the difference in Gibbs free
energy between a cluster precipitated into the local vol-
ume, µ, and its constituent monomers dissolved in the
external reservoir, µres: It is the diffusional chemical po-
tential of a cluster in an open system [35]. In the follow-
ing, we demonstrate nucleation of precursors that are sta-
bilized by long-range electrostatic forces as is seen in, for
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Eq. 10). (b) Reaction rate (left axis) and auto-catalytic rate (right axis) in function φ˜. (c) Integrated growth rate of
the q˜ Fourier mode as calculated from the l2-norm of a perturbation for differing Da. All plots correspond to
Ω˜ = 4.0 and line colors correspond to trials listed in Table I: blue - T1, orange - T2, green - T3, and red - T4.
in
cr
ea
si
n
g
D
0
<latexit sha1_base64="1k06kRSrRm/hvS68XwYFXdXFpUQ=">AAACQ3icbVDLSgMxFM34rPXVquDCTbAIrspMEXRZUMFlBfuAtgyZTKYNTTJDckdahn6NW/0MP8JvcCduBdPHwrYeCBzOOZfce4JEcAOu++GsrW9sbm3ndvK7e/sHh4XiUcPEqaasTmMR61ZADBNcsTpwEKyVaEZkIFgzGNxO/OYz04bH6glGCetK0lM84pSAlfzCaQfYEDKuqJ0yXPXwGN/5LvYLJbfsToFXiTcnJTRHzS86J50wpqlkCqggxrQ9N4FuRjRwKtg430kNSwgdkB5rW6qIZKabTS8Y4wurhDiKtX0K8FT9O5ERacxIBjYpCfTNsjcR//UMSKJHOlz4P5vktInMohrxoYBhZXlXiG66tqAkBabobNUoFRhiPCkUh1wzCmJkCaGa22sx7RNNKNja87ZHb7m1VdKolD237D1elar380Zz6Aydo0vkoWtURQ+ohuqIojF6Qa/ozXl3Pp0v53sWXXPmM8doAc7PLzJcsQ8=</latexit><latexit sha1_base64="1k06kRSrRm/hvS68XwYFXdXFpUQ=">AAACQ3icbVDLSgMxFM34rPXVquDCTbAIrspMEXRZUMFlBfuAtgyZTKYNTTJDckdahn6NW/0MP8JvcCduBdPHwrYeCBzOOZfce4JEcAOu++GsrW9sbm3ndvK7e/sHh4XiUcPEqaasTmMR61ZADBNcsTpwEKyVaEZkIFgzGNxO/OYz04bH6glGCetK0lM84pSAlfzCaQfYEDKuqJ0yXPXwGN/5LvYLJbfsToFXiTcnJTRHzS86J50wpqlkCqggxrQ9N4FuRjRwKtg430kNSwgdkB5rW6qIZKabTS8Y4wurhDiKtX0K8FT9O5ERacxIBjYpCfTNsjcR//UMSKJHOlz4P5vktInMohrxoYBhZXlXiG66tqAkBabobNUoFRhiPCkUh1wzCmJkCaGa22sx7RNNKNja87ZHb7m1VdKolD237D1elar380Zz6Aydo0vkoWtURQ+ohuqIojF6Qa/ozXl3Pp0v53sWXXPmM8doAc7PLzJcsQ8=</latexit><latexit sha1_base64="1k06kRSrRm/hvS68XwYFXdXFpUQ=">AAACQ3icbVDLSgMxFM34rPXVquDCTbAIrspMEXRZUMFlBfuAtgyZTKYNTTJDckdahn6NW/0MP8JvcCduBdPHwrYeCBzOOZfce4JEcAOu++GsrW9sbm3ndvK7e/sHh4XiUcPEqaasTmMR61ZADBNcsTpwEKyVaEZkIFgzGNxO/OYz04bH6glGCetK0lM84pSAlfzCaQfYEDKuqJ0yXPXwGN/5LvYLJbfsToFXiTcnJTRHzS86J50wpqlkCqggxrQ9N4FuRjRwKtg430kNSwgdkB5rW6qIZKabTS8Y4wurhDiKtX0K8FT9O5ERacxIBjYpCfTNsjcR//UMSKJHOlz4P5vktInMohrxoYBhZXlXiG66tqAkBabobNUoFRhiPCkUh1wzCmJkCaGa22sx7RNNKNja87ZHb7m1VdKolD237D1elar380Zz6Aydo0vkoWtURQ+ohuqIojF6Qa/ozXl3Pp0v53sWXXPmM8doAc7PLzJcsQ8=</latexit><latexit sha1_base64="1k06kRSrRm/hvS68XwYFXdXFpUQ=">AAACQ3icbVDLSgMxFM34rPXVquDCTbAIrspMEXRZUMFlBfuAtgyZTKYNTTJDckdahn6NW/0MP8JvcCduBdPHwrYeCBzOOZfce4JEcAOu++GsrW9sbm3ndvK7e/sHh4XiUcPEqaasTmMR61ZADBNcsTpwEKyVaEZkIFgzGNxO/OYz04bH6glGCetK0lM84pSAlfzCaQfYEDKuqJ0yXPXwGN/5LvYLJbfsToFXiTcnJTRHzS86J50wpqlkCqggxrQ9N4FuRjRwKtg430kNSwgdkB5rW6qIZKabTS8Y4wurhDiKtX0K8FT9O5ERacxIBjYpCfTNsjcR//UMSKJHOlz4P5vktInMohrxoYBhZXlXiG66tqAkBabobNUoFRhiPCkUh1wzCmJkCaGa22sx7RNNKNja87ZHb7m1VdKolD237D1elar380Zz6Aydo0vkoWtURQ+ohuqIojF6Qa/ozXl3Pp0v53sWXXPmM8doAc7PLzJcsQ8=</latexit>
increasing  µ0
<latexit sha1_base64="J9e6oYE XqM3A0+Fo3Y34ZwMBRhc=">AAACS3icbVDLSgMxFM3UV62vVt25MFgEV2 VGBF0KKrhUsA9wSsmkd2owyQzJHWkZuvRr3Opn+AF+hztxYVq7sK0HAod zziX3niiVwqLvf3iFhcWl5ZXiamltfWNzq1zZbtgkMxzqPJGJaUXMghQa 6ihQQis1wFQkoRk9Xoz85hMYKxJ9h4MU2or1tIgFZ+ikTnk/ROhjLjR3U1 boHh3S8BIkMhqqrON3ylW/5o9B50kwIVUywU2n4u2G3YRnCjRyyay9D/w U2zkzKLiEYSnMLKSMP7Ie3DuqmQLbzseXDOmhU7o0Tox7GulY/TuRM2Xt QEUuqRg+2FlvJP7rWVTMDEx36v98lDM2ttNqLPoS+8ezu2J81nZFpRmC5 r+rxpmkmNBRsbQrDHCUA0cYN8JdS/kDM4yjq7/kegxmW5snjeNa4NeC25 Pq+dWk0SLZIwfkiATklJyTa3JD6oSTZ/JCXsmb9+59el/e92+04E1mdsg UCks/dhCzoA==</latexit><latexit sha1_base64="J9e6oYE XqM3A0+Fo3Y34ZwMBRhc=">AAACS3icbVDLSgMxFM3UV62vVt25MFgEV2 VGBF0KKrhUsA9wSsmkd2owyQzJHWkZuvRr3Opn+AF+hztxYVq7sK0HAod zziX3niiVwqLvf3iFhcWl5ZXiamltfWNzq1zZbtgkMxzqPJGJaUXMghQa 6ihQQis1wFQkoRk9Xoz85hMYKxJ9h4MU2or1tIgFZ+ikTnk/ROhjLjR3U1 boHh3S8BIkMhqqrON3ylW/5o9B50kwIVUywU2n4u2G3YRnCjRyyay9D/w U2zkzKLiEYSnMLKSMP7Ie3DuqmQLbzseXDOmhU7o0Tox7GulY/TuRM2Xt QEUuqRg+2FlvJP7rWVTMDEx36v98lDM2ttNqLPoS+8ezu2J81nZFpRmC5 r+rxpmkmNBRsbQrDHCUA0cYN8JdS/kDM4yjq7/kegxmW5snjeNa4NeC25 Pq+dWk0SLZIwfkiATklJyTa3JD6oSTZ/JCXsmb9+59el/e92+04E1mdsg UCks/dhCzoA==</latexit><latexit sha1_base64="J9e6oYE XqM3A0+Fo3Y34ZwMBRhc=">AAACS3icbVDLSgMxFM3UV62vVt25MFgEV2 VGBF0KKrhUsA9wSsmkd2owyQzJHWkZuvRr3Opn+AF+hztxYVq7sK0HAod zziX3niiVwqLvf3iFhcWl5ZXiamltfWNzq1zZbtgkMxzqPJGJaUXMghQa 6ihQQis1wFQkoRk9Xoz85hMYKxJ9h4MU2or1tIgFZ+ikTnk/ROhjLjR3U1 boHh3S8BIkMhqqrON3ylW/5o9B50kwIVUywU2n4u2G3YRnCjRyyay9D/w U2zkzKLiEYSnMLKSMP7Ie3DuqmQLbzseXDOmhU7o0Tox7GulY/TuRM2Xt QEUuqRg+2FlvJP7rWVTMDEx36v98lDM2ttNqLPoS+8ezu2J81nZFpRmC5 r+rxpmkmNBRsbQrDHCUA0cYN8JdS/kDM4yjq7/kegxmW5snjeNa4NeC25 Pq+dWk0SLZIwfkiATklJyTa3JD6oSTZ/JCXsmb9+59el/e92+04E1mdsg UCks/dhCzoA==</latexit><latexit sha1_base64="J9e6oYE XqM3A0+Fo3Y34ZwMBRhc=">AAACS3icbVDLSgMxFM3UV62vVt25MFgEV2 VGBF0KKrhUsA9wSsmkd2owyQzJHWkZuvRr3Opn+AF+hztxYVq7sK0HAod zziX3niiVwqLvf3iFhcWl5ZXiamltfWNzq1zZbtgkMxzqPJGJaUXMghQa 6ihQQis1wFQkoRk9Xoz85hMYKxJ9h4MU2or1tIgFZ+ikTnk/ROhjLjR3U1 boHh3S8BIkMhqqrON3ylW/5o9B50kwIVUywU2n4u2G3YRnCjRyyay9D/w U2zkzKLiEYSnMLKSMP7Ie3DuqmQLbzseXDOmhU7o0Tox7GulY/TuRM2Xt QEUuqRg+2FlvJP7rWVTMDEx36v98lDM2ttNqLPoS+8ezu2J81nZFpRmC5 r+rxpmkmNBRsbQrDHCUA0cYN8JdS/kDM4yjq7/kegxmW5snjeNa4NeC25 Pq+dWk0SLZIwfkiATklJyTa3JD6oSTZ/JCXsmb9+59el/e92+04E1mdsg UCks/dhCzoA==</latexit>
Da = 1.0
<latexit sha1_base64="ZDBKnVr Jigf8gmik2XNhMyy57+o=">AAACPXicdVDLSsNAFJ3UV62vVt25GSyCq5 DUR+1CKKjgsoJVwYYymU506EwSZm7UEvopbvUz/A4/wJ24deskrWBFDww czrmXOff4seAaHOfVKkxNz8zOFedLC4tLyyvlyuqFjhJFWZtGIlJXPtFM 8JC1gYNgV7FiRPqCXfr9o8y/vGNK8yg8h0HMPEluQh5wSsBI3XKlIwncKp kekyE+xK7tdMtVx27U3Z39PezYTo6MHNQbbiMbyFFFY7S6FWu904toIlk IVBCtr10nBi8lCjgVbFjqJJrFhPbJDbs2NCSSaS/Nsw/xllF6OIiUeSHg XP25kRKp9UD6ZjJLqn97mfinp0ESNVC9if/T/Fod6Ek14A8CHmq/s0Jw4 KU8jBNgIR1FDRKBIcJZlbjHFaMgBoYQqri5FtNboggFU3jJ9PhdFv6fXN Rs17Hds91q82TcaBFtoE20jVxUR010ilqojSi6R4/oCT1bL9ab9W59jEY L1nhnDU3A+vwCbveuMw==</latexit><latexit sha1_base64="ZDBKnVr Jigf8gmik2XNhMyy57+o=">AAACPXicdVDLSsNAFJ3UV62vVt25GSyCq5 DUR+1CKKjgsoJVwYYymU506EwSZm7UEvopbvUz/A4/wJ24deskrWBFDww czrmXOff4seAaHOfVKkxNz8zOFedLC4tLyyvlyuqFjhJFWZtGIlJXPtFM 8JC1gYNgV7FiRPqCXfr9o8y/vGNK8yg8h0HMPEluQh5wSsBI3XKlIwncKp kekyE+xK7tdMtVx27U3Z39PezYTo6MHNQbbiMbyFFFY7S6FWu904toIlk IVBCtr10nBi8lCjgVbFjqJJrFhPbJDbs2NCSSaS/Nsw/xllF6OIiUeSHg XP25kRKp9UD6ZjJLqn97mfinp0ESNVC9if/T/Fod6Ek14A8CHmq/s0Jw4 KU8jBNgIR1FDRKBIcJZlbjHFaMgBoYQqri5FtNboggFU3jJ9PhdFv6fXN Rs17Hds91q82TcaBFtoE20jVxUR010ilqojSi6R4/oCT1bL9ab9W59jEY L1nhnDU3A+vwCbveuMw==</latexit><latexit sha1_base64="ZDBKnVr Jigf8gmik2XNhMyy57+o=">AAACPXicdVDLSsNAFJ3UV62vVt25GSyCq5 DUR+1CKKjgsoJVwYYymU506EwSZm7UEvopbvUz/A4/wJ24deskrWBFDww czrmXOff4seAaHOfVKkxNz8zOFedLC4tLyyvlyuqFjhJFWZtGIlJXPtFM 8JC1gYNgV7FiRPqCXfr9o8y/vGNK8yg8h0HMPEluQh5wSsBI3XKlIwncKp kekyE+xK7tdMtVx27U3Z39PezYTo6MHNQbbiMbyFFFY7S6FWu904toIlk IVBCtr10nBi8lCjgVbFjqJJrFhPbJDbs2NCSSaS/Nsw/xllF6OIiUeSHg XP25kRKp9UD6ZjJLqn97mfinp0ESNVC9if/T/Fod6Ek14A8CHmq/s0Jw4 KU8jBNgIR1FDRKBIcJZlbjHFaMgBoYQqri5FtNboggFU3jJ9PhdFv6fXN Rs17Hds91q82TcaBFtoE20jVxUR010ilqojSi6R4/oCT1bL9ab9W59jEY L1nhnDU3A+vwCbveuMw==</latexit><latexit sha1_base64="ZDBKnVr Jigf8gmik2XNhMyy57+o=">AAACPXicdVDLSsNAFJ3UV62vVt25GSyCq5 DUR+1CKKjgsoJVwYYymU506EwSZm7UEvopbvUz/A4/wJ24deskrWBFDww czrmXOff4seAaHOfVKkxNz8zOFedLC4tLyyvlyuqFjhJFWZtGIlJXPtFM 8JC1gYNgV7FiRPqCXfr9o8y/vGNK8yg8h0HMPEluQh5wSsBI3XKlIwncKp kekyE+xK7tdMtVx27U3Z39PezYTo6MHNQbbiMbyFFFY7S6FWu904toIlk IVBCtr10nBi8lCjgVbFjqJJrFhPbJDbs2NCSSaS/Nsw/xllF6OIiUeSHg XP25kRKp9UD6ZjJLqn97mfinp0ESNVC9if/T/Fod6Ek14A8CHmq/s0Jw4 KU8jBNgIR1FDRKBIcJZlbjHFaMgBoYQqri5FtNboggFU3jJ9PhdFv6fXN Rs17Hds91q82TcaBFtoE20jVxUR010ilqojSi6R4/oCT1bL9ab9W59jEY L1nhnDU3A+vwCbveuMw==</latexit>
(a)
<latexit sha1_b ase64="0Z/KbjE5IcRF3iNYBZWdq FYZGNA=">AAACNHicbVDLSsNAFJ3U V62vVt25CRahbkpSBF0WRHBZwT6w DWUymbRDJ5MwcyMNoX/hVj/DfxHci Vu/wUmbhW09MHA491zumeNGnCmwrA +jsLG5tb1T3C3t7R8cHpUrxx0Vxp LQNgl5KHsuVpQzQdvAgNNeJCkOXE6 77uQ2m3efqVQsFI+QRNQJ8EgwnxE MWnoaAJ1CWsOXs2G5atWtOcx1Yuek inK0hhXjdOCFJA6oAMKxUn3bisBJ sQRGOJ2VBrGiESYTPKJ9TQUOqHLSe eSZeaEVz/RDqZ8Ac67+3UhxoFQSu NoZYBir1Vkm/jtTEGCZSG/pfpr5pP LVsuqzKYdpYzUr+DdOykQUAxVkEdW PuQmhmTVoekxSAjzRBBPJ9G9NMsY SE9A9l3SP9mpr66TTqNtW3X64qjbv 8kaL6Aydoxqy0TVqonvUQm1EkEAv 6BW9Ge/Gp/FlfC+sBSPfOUFLMH5+A Tdvq7g=</latexit><latexit sha1_b ase64="0Z/KbjE5IcRF3iNYBZWdq FYZGNA=">AAACNHicbVDLSsNAFJ3U V62vVt25CRahbkpSBF0WRHBZwT6w DWUymbRDJ5MwcyMNoX/hVj/DfxHci Vu/wUmbhW09MHA491zumeNGnCmwrA +jsLG5tb1T3C3t7R8cHpUrxx0Vxp LQNgl5KHsuVpQzQdvAgNNeJCkOXE6 77uQ2m3efqVQsFI+QRNQJ8EgwnxE MWnoaAJ1CWsOXs2G5atWtOcx1Yuek inK0hhXjdOCFJA6oAMKxUn3bisBJ sQRGOJ2VBrGiESYTPKJ9TQUOqHLSe eSZeaEVz/RDqZ8Ac67+3UhxoFQSu NoZYBir1Vkm/jtTEGCZSG/pfpr5pP LVsuqzKYdpYzUr+DdOykQUAxVkEdW PuQmhmTVoekxSAjzRBBPJ9G9NMsY SE9A9l3SP9mpr66TTqNtW3X64qjbv 8kaL6Aydoxqy0TVqonvUQm1EkEAv 6BW9Ge/Gp/FlfC+sBSPfOUFLMH5+A Tdvq7g=</latexit><latexit sha1_b ase64="0Z/KbjE5IcRF3iNYBZWdq FYZGNA=">AAACNHicbVDLSsNAFJ3U V62vVt25CRahbkpSBF0WRHBZwT6w DWUymbRDJ5MwcyMNoX/hVj/DfxHci Vu/wUmbhW09MHA491zumeNGnCmwrA +jsLG5tb1T3C3t7R8cHpUrxx0Vxp LQNgl5KHsuVpQzQdvAgNNeJCkOXE6 77uQ2m3efqVQsFI+QRNQJ8EgwnxE MWnoaAJ1CWsOXs2G5atWtOcx1Yuek inK0hhXjdOCFJA6oAMKxUn3bisBJ sQRGOJ2VBrGiESYTPKJ9TQUOqHLSe eSZeaEVz/RDqZ8Ac67+3UhxoFQSu NoZYBir1Vkm/jtTEGCZSG/pfpr5pP LVsuqzKYdpYzUr+DdOykQUAxVkEdW PuQmhmTVoekxSAjzRBBPJ9G9NMsY SE9A9l3SP9mpr66TTqNtW3X64qjbv 8kaL6Aydoxqy0TVqonvUQm1EkEAv 6BW9Ge/Gp/FlfC+sBSPfOUFLMH5+A Tdvq7g=</latexit><latexit sha1_b ase64="9lvj9vZSx0iJOdp/4ZMFT tbPSac=">AAACHHicbZDNSgMxFIXv 1L86Vm3BnZvBIrgqM93oUnDjsoL9 gXYomUymDU0yQ3JHOgx9Abc+hk/jT n0a05+FrV4IHM65ISdflAlu0Pe/nM re/sHhUfXYPam5p2fn9VrPpLmmrE tTkepBRAwTXLEuchRskGlGZCRYP5o 9LPP+C9OGp+oZi4yFkkwUTzglaK3 OuN70W/5qvL8i2IgmbGbccC5GcUpz yRRSQYwZBn6GYUk0cirYwh3lhmWE zsiEDa1URDITlqueC+/aOrGXpNoeh d7K/X2jJNKYQkZ2UxKcmt1saf6bG ZREFzreer9c7mmTmG034XOB8/ZuV0 zuwpKrLEem6LpqkgsPU2+JzYu5ZhR FYQWhmtvfenRKNKFo4boWY7AL7a/ otVuB3wqefKjCJVzBDQRwC/fwCB3o AoUYXuHNeXc+nM817oqz4d6ArXG+ fwCuf6UB</latexit><latexit sha1_b ase64="f3qAjJIKiQabrBRSSaV27 mKYheI=">AAACKXicbZDNSsNAFIVv 6l+tVVtx5yZYhLopSTe6FNy4rGB/ sA1lMp20QyeTMHMjDaFv4VYfw3cR3 Inv4aTtwrZeGDicc4c58/mx4Bod59 Mq7Ozu7R8UD0tH5eOT00q13NFRoi hr00hEqucTzQSXrI0cBevFipHQF6z rT+/zvPvClOaRfMI0Zl5IxpIHnBI 01vMA2QyzOrmeDys1p+Esxt4W7krU YDWtYdU6H4wimoRMIhVE677rxOhl RCGngs1Lg0SzmNApGbO+kZKETHvZo vLcvjLOyA4iZY5Ee+H+vZGRUOs09 M1mSHCiN7Pc/DfTGBKVqtHa+1m+p3 Sg192AzwTOmptdMbj1Mi7jBJmky6p BImyM7JygPeKKURSpEYQqbn5r0wl RhKLhXDIc3U1q26LTbLhOw310oAgX cAl1cOEG7uABWtAGChJe4Q3erQ/r y/peEi9YK/RnsDbWzy/UDaoW</lat exit><latexit sha1_b ase64="f3qAjJIKiQabrBRSSaV27 mKYheI=">AAACKXicbZDNSsNAFIVv 6l+tVVtx5yZYhLopSTe6FNy4rGB/ sA1lMp20QyeTMHMjDaFv4VYfw3cR3 Inv4aTtwrZeGDicc4c58/mx4Bod59 Mq7Ozu7R8UD0tH5eOT00q13NFRoi hr00hEqucTzQSXrI0cBevFipHQF6z rT+/zvPvClOaRfMI0Zl5IxpIHnBI 01vMA2QyzOrmeDys1p+Esxt4W7krU YDWtYdU6H4wimoRMIhVE677rxOhl RCGngs1Lg0SzmNApGbO+kZKETHvZo vLcvjLOyA4iZY5Ee+H+vZGRUOs09 M1mSHCiN7Pc/DfTGBKVqtHa+1m+p3 Sg192AzwTOmptdMbj1Mi7jBJmky6p BImyM7JygPeKKURSpEYQqbn5r0wl RhKLhXDIc3U1q26LTbLhOw310oAgX cAl1cOEG7uABWtAGChJe4Q3erQ/r y/peEi9YK/RnsDbWzy/UDaoW</lat exit><latexit sha1_b ase64="9LEUgyU+Lv0kY9DsrAF6o ZGEaxQ=">AAACNHicbVDLSsNAFJ34 rPXVqjs3wSLUTUm60WVBBJcV7APb UCbTSTt0ZhJmbqQh9C/c6mf4L4I7c es3OGmzsK0HBg7nnss9c/yIMw2O82 FtbG5t7+wW9or7B4dHx6XySVuHsS K0RUIeqq6PNeVM0hYw4LQbKYqFz2n Hn9xm884zVZqF8hGSiHoCjyQLGMF gpKc+0CmkVXw1G5QqTs2Zw14nbk4q KEdzULbO+sOQxIJKIBxr3XOdCLwU K2CE01mxH2saYTLBI9ozVGJBtZfOI 8/sS6MM7SBU5kmw5+rfjRQLrRPhG 6fAMNars0z8d6ZBYJWo4dL9NPMpHe hlNWBTDtP6alYIbryUySgGKskiahB zG0I7a9AeMkUJ8MQQTBQzv7XJGCt MwPRcND26q62tk3a95jo198GpNO7y RgvoHF2gKnLRNWqge9RELUSQRC/o Fb1Z79an9WV9L6wbVr5zipZg/fwCN i+rtA==</latexit><latexit sha1_b ase64="0Z/KbjE5IcRF3iNYBZWdq FYZGNA=">AAACNHicbVDLSsNAFJ3U V62vVt25CRahbkpSBF0WRHBZwT6w DWUymbRDJ5MwcyMNoX/hVj/DfxHci Vu/wUmbhW09MHA491zumeNGnCmwrA +jsLG5tb1T3C3t7R8cHpUrxx0Vxp LQNgl5KHsuVpQzQdvAgNNeJCkOXE6 77uQ2m3efqVQsFI+QRNQJ8EgwnxE MWnoaAJ1CWsOXs2G5atWtOcx1Yuek inK0hhXjdOCFJA6oAMKxUn3bisBJ sQRGOJ2VBrGiESYTPKJ9TQUOqHLSe eSZeaEVz/RDqZ8Ac67+3UhxoFQSu NoZYBir1Vkm/jtTEGCZSG/pfpr5pP LVsuqzKYdpYzUr+DdOykQUAxVkEdW PuQmhmTVoekxSAjzRBBPJ9G9NMsY SE9A9l3SP9mpr66TTqNtW3X64qjbv 8kaL6Aydoxqy0TVqonvUQm1EkEAv 6BW9Ge/Gp/FlfC+sBSPfOUFLMH5+A Tdvq7g=</latexit><latexit sha1_b ase64="0Z/KbjE5IcRF3iNYBZWdq FYZGNA=">AAACNHicbVDLSsNAFJ3U V62vVt25CRahbkpSBF0WRHBZwT6w DWUymbRDJ5MwcyMNoX/hVj/DfxHci Vu/wUmbhW09MHA491zumeNGnCmwrA +jsLG5tb1T3C3t7R8cHpUrxx0Vxp LQNgl5KHsuVpQzQdvAgNNeJCkOXE6 77uQ2m3efqVQsFI+QRNQJ8EgwnxE MWnoaAJ1CWsOXs2G5atWtOcx1Yuek inK0hhXjdOCFJA6oAMKxUn3bisBJ sQRGOJ2VBrGiESYTPKJ9TQUOqHLSe eSZeaEVz/RDqZ8Ac67+3UhxoFQSu NoZYBir1Vkm/jtTEGCZSG/pfpr5pP LVsuqzKYdpYzUr+DdOykQUAxVkEdW PuQmhmTVoekxSAjzRBBPJ9G9NMsY SE9A9l3SP9mpr66TTqNtW3X64qjbv 8kaL6Aydoxqy0TVqonvUQm1EkEAv 6BW9Ge/Gp/FlfC+sBSPfOUFLMH5+A Tdvq7g=</latexit><latexit sha1_b ase64="0Z/KbjE5IcRF3iNYBZWdq FYZGNA=">AAACNHicbVDLSsNAFJ3U V62vVt25CRahbkpSBF0WRHBZwT6w DWUymbRDJ5MwcyMNoX/hVj/DfxHci Vu/wUmbhW09MHA491zumeNGnCmwrA +jsLG5tb1T3C3t7R8cHpUrxx0Vxp LQNgl5KHsuVpQzQdvAgNNeJCkOXE6 77uQ2m3efqVQsFI+QRNQJ8EgwnxE MWnoaAJ1CWsOXs2G5atWtOcx1Yuek inK0hhXjdOCFJA6oAMKxUn3bisBJ sQRGOJ2VBrGiESYTPKJ9TQUOqHLSe eSZeaEVz/RDqZ8Ac67+3UhxoFQSu NoZYBir1Vkm/jtTEGCZSG/pfpr5pP LVsuqzKYdpYzUr+DdOykQUAxVkEdW PuQmhmTVoekxSAjzRBBPJ9G9NMsY SE9A9l3SP9mpr66TTqNtW3X64qjbv 8kaL6Aydoxqy0TVqonvUQm1EkEAv 6BW9Ge/Gp/FlfC+sBSPfOUFLMH5+A Tdvq7g=</latexit><latexit sha1_b ase64="0Z/KbjE5IcRF3iNYBZWdq FYZGNA=">AAACNHicbVDLSsNAFJ3U V62vVt25CRahbkpSBF0WRHBZwT6w DWUymbRDJ5MwcyMNoX/hVj/DfxHci Vu/wUmbhW09MHA491zumeNGnCmwrA +jsLG5tb1T3C3t7R8cHpUrxx0Vxp LQNgl5KHsuVpQzQdvAgNNeJCkOXE6 77uQ2m3efqVQsFI+QRNQJ8EgwnxE MWnoaAJ1CWsOXs2G5atWtOcx1Yuek inK0hhXjdOCFJA6oAMKxUn3bisBJ sQRGOJ2VBrGiESYTPKJ9TQUOqHLSe eSZeaEVz/RDqZ8Ac67+3UhxoFQSu NoZYBir1Vkm/jtTEGCZSG/pfpr5pP LVsuqzKYdpYzUr+DdOykQUAxVkEdW PuQmhmTVoekxSAjzRBBPJ9G9NMsY SE9A9l3SP9mpr66TTqNtW3X64qjbv 8kaL6Aydoxqy0TVqonvUQm1EkEAv 6BW9Ge/Gp/FlfC+sBSPfOUFLMH5+A Tdvq7g=</latexit><latexit sha1_b ase64="0Z/KbjE5IcRF3iNYBZWdq FYZGNA=">AAACNHicbVDLSsNAFJ3U V62vVt25CRahbkpSBF0WRHBZwT6w DWUymbRDJ5MwcyMNoX/hVj/DfxHci Vu/wUmbhW09MHA491zumeNGnCmwrA +jsLG5tb1T3C3t7R8cHpUrxx0Vxp LQNgl5KHsuVpQzQdvAgNNeJCkOXE6 77uQ2m3efqVQsFI+QRNQJ8EgwnxE MWnoaAJ1CWsOXs2G5atWtOcx1Yuek inK0hhXjdOCFJA6oAMKxUn3bisBJ sQRGOJ2VBrGiESYTPKJ9TQUOqHLSe eSZeaEVz/RDqZ8Ac67+3UhxoFQSu NoZYBir1Vkm/jtTEGCZSG/pfpr5pP LVsuqzKYdpYzUr+DdOykQUAxVkEdW PuQmhmTVoekxSAjzRBBPJ9G9NMsY SE9A9l3SP9mpr66TTqNtW3X64qjbv 8kaL6Aydoxqy0TVqonvUQm1EkEAv 6BW9Ge/Gp/FlfC+sBSPfOUFLMH5+A Tdvq7g=</latexit><latexit sha1_b ase64="0Z/KbjE5IcRF3iNYBZWdq FYZGNA=">AAACNHicbVDLSsNAFJ3U V62vVt25CRahbkpSBF0WRHBZwT6w DWUymbRDJ5MwcyMNoX/hVj/DfxHci Vu/wUmbhW09MHA491zumeNGnCmwrA +jsLG5tb1T3C3t7R8cHpUrxx0Vxp LQNgl5KHsuVpQzQdvAgNNeJCkOXE6 77uQ2m3efqVQsFI+QRNQJ8EgwnxE MWnoaAJ1CWsOXs2G5atWtOcx1Yuek inK0hhXjdOCFJA6oAMKxUn3bisBJ sQRGOJ2VBrGiESYTPKJ9TQUOqHLSe eSZeaEVz/RDqZ8Ac67+3UhxoFQSu NoZYBir1Vkm/jtTEGCZSG/pfpr5pP LVsuqzKYdpYzUr+DdOykQUAxVkEdW PuQmhmTVoekxSAjzRBBPJ9G9NMsY SE9A9l3SP9mpr66TTqNtW3X64qjbv 8kaL6Aydoxqy0TVqonvUQm1EkEAv 6BW9Ge/Gp/FlfC+sBSPfOUFLMH5+A Tdvq7g=</latexit>
T1
<latexit sha1_base64="2eXoDHvC4wAfTv29CSedMoqXDuw=">AAACM3 icdVDLSgMxFM34rPXVqjs3wSK4KjO+2u4KIris0IfSlpJJMzU0mRmSO9Iy9Cvc6mf4MeJO3PoPZtoRbNEDgcO553JPjhsKrsG236yl5ZXVtfXMRnZz a3tnN5ffa+ogUpQ1aCACdecSzQT3WQM4CHYXKkakK1jLHV4l89YjU5oHfh3GIetKMvC5xykBI913gI0grjuTXq5gFysl5+zyAttFe4qElEsVp4KdVC mgFLVe3jro9AMaSeYDFUTrtmOH0I2JAk4Fm2Q7kWYhoUMyYG1DfSKZ7sbTxBN8bJQ+9gJlng94qv7eiInUeixd45QEHvTiLBH/nGmQRI1Vf+5+nPiU 9vS86vGRgNHpYlbwyt2Y+2EEzKezqF4kMAQ4KRD3uWIUxNgQQhU3v8X0gShCwdScNT3+lIX/J83TomMXndvzQvU6bTSDDtEROkEOKqEqukE11EAUSfS EntGL9Wq9Wx/W58y6ZKU7+2gO1tc3Lg+rwg==</latexit><latexit sha1_base64="2eXoDHvC4wAfTv29CSedMoqXDuw=">AAACM3 icdVDLSgMxFM34rPXVqjs3wSK4KjO+2u4KIris0IfSlpJJMzU0mRmSO9Iy9Cvc6mf4MeJO3PoPZtoRbNEDgcO553JPjhsKrsG236yl5ZXVtfXMRnZz a3tnN5ffa+ogUpQ1aCACdecSzQT3WQM4CHYXKkakK1jLHV4l89YjU5oHfh3GIetKMvC5xykBI913gI0grjuTXq5gFysl5+zyAttFe4qElEsVp4KdVC mgFLVe3jro9AMaSeYDFUTrtmOH0I2JAk4Fm2Q7kWYhoUMyYG1DfSKZ7sbTxBN8bJQ+9gJlng94qv7eiInUeixd45QEHvTiLBH/nGmQRI1Vf+5+nPiU 9vS86vGRgNHpYlbwyt2Y+2EEzKezqF4kMAQ4KRD3uWIUxNgQQhU3v8X0gShCwdScNT3+lIX/J83TomMXndvzQvU6bTSDDtEROkEOKqEqukE11EAUSfS EntGL9Wq9Wx/W58y6ZKU7+2gO1tc3Lg+rwg==</latexit><latexit sha1_base64="2eXoDHvC4wAfTv29CSedMoqXDuw=">AAACM3 icdVDLSgMxFM34rPXVqjs3wSK4KjO+2u4KIris0IfSlpJJMzU0mRmSO9Iy9Cvc6mf4MeJO3PoPZtoRbNEDgcO553JPjhsKrsG236yl5ZXVtfXMRnZz a3tnN5ffa+ogUpQ1aCACdecSzQT3WQM4CHYXKkakK1jLHV4l89YjU5oHfh3GIetKMvC5xykBI913gI0grjuTXq5gFysl5+zyAttFe4qElEsVp4KdVC mgFLVe3jro9AMaSeYDFUTrtmOH0I2JAk4Fm2Q7kWYhoUMyYG1DfSKZ7sbTxBN8bJQ+9gJlng94qv7eiInUeixd45QEHvTiLBH/nGmQRI1Vf+5+nPiU 9vS86vGRgNHpYlbwyt2Y+2EEzKezqF4kMAQ4KRD3uWIUxNgQQhU3v8X0gShCwdScNT3+lIX/J83TomMXndvzQvU6bTSDDtEROkEOKqEqukE11EAUSfS EntGL9Wq9Wx/W58y6ZKU7+2gO1tc3Lg+rwg==</latexit><latexit sha1_base64="2eXoDHvC4wAfTv29CSedMoqXDuw=">AAACM3 icdVDLSgMxFM34rPXVqjs3wSK4KjO+2u4KIris0IfSlpJJMzU0mRmSO9Iy9Cvc6mf4MeJO3PoPZtoRbNEDgcO553JPjhsKrsG236yl5ZXVtfXMRnZz a3tnN5ffa+ogUpQ1aCACdecSzQT3WQM4CHYXKkakK1jLHV4l89YjU5oHfh3GIetKMvC5xykBI913gI0grjuTXq5gFysl5+zyAttFe4qElEsVp4KdVC mgFLVe3jro9AMaSeYDFUTrtmOH0I2JAk4Fm2Q7kWYhoUMyYG1DfSKZ7sbTxBN8bJQ+9gJlng94qv7eiInUeixd45QEHvTiLBH/nGmQRI1Vf+5+nPiU 9vS86vGRgNHpYlbwyt2Y+2EEzKezqF4kMAQ4KRD3uWIUxNgQQhU3v8X0gShCwdScNT3+lIX/J83TomMXndvzQvU6bTSDDtEROkEOKqEqukE11EAUSfS EntGL9Wq9Wx/W58y6ZKU7+2gO1tc3Lg+rwg==</latexit>
T2
<latexit sha1_base64="WUK4NF+RbXRbtKTFcnZ0YwN+JVA=">AAACM3 icdVDLSsNAFJ34rPX92LkZLIKrkNRH7a4ggssKrQ9skMlkooMzkzBzIw2hX+FWP8OPEXfi1n9wUitY0QMDh3PP5Z45YSq4Ac97cSYmp6ZnZitz1fmF xaXlldW1M5NkmrIuTUSiL0JimOCKdYGDYBepZkSGgp2Hd0fl/PyeacMT1YE8ZYEkN4rHnBKw0mUPWB+KTn1wvVLz3GbD3z3Yx57rDVGSw0bTb2J/pN TQCO3rVWejFyU0k0wBFcSYK99LISiIBk4FG1R7mWEpoXfkhl1ZqohkJiiGiQd42yoRjhNtnwI8VH9uFEQak8vQOiWBW/N7Vop/zgxIonMdjd0vSp82 sRlXY94X0K//zgrxYVBwlWbAFP2KGmcCQ4LLAnHENaMgcksI1dz+FtNbogkFW3PV9vhdFv6fnNVd33P9071a63jUaAVtoi20g3zUQC10gtqoiyiS6AE 9oifn2Xl13pz3L+uEM9pZR2NwPj4BL9erww==</latexit><latexit sha1_base64="WUK4NF+RbXRbtKTFcnZ0YwN+JVA=">AAACM3 icdVDLSsNAFJ34rPX92LkZLIKrkNRH7a4ggssKrQ9skMlkooMzkzBzIw2hX+FWP8OPEXfi1n9wUitY0QMDh3PP5Z45YSq4Ac97cSYmp6ZnZitz1fmF xaXlldW1M5NkmrIuTUSiL0JimOCKdYGDYBepZkSGgp2Hd0fl/PyeacMT1YE8ZYEkN4rHnBKw0mUPWB+KTn1wvVLz3GbD3z3Yx57rDVGSw0bTb2J/pN TQCO3rVWejFyU0k0wBFcSYK99LISiIBk4FG1R7mWEpoXfkhl1ZqohkJiiGiQd42yoRjhNtnwI8VH9uFEQak8vQOiWBW/N7Vop/zgxIonMdjd0vSp82 sRlXY94X0K//zgrxYVBwlWbAFP2KGmcCQ4LLAnHENaMgcksI1dz+FtNbogkFW3PV9vhdFv6fnNVd33P9071a63jUaAVtoi20g3zUQC10gtqoiyiS6AE 9oifn2Xl13pz3L+uEM9pZR2NwPj4BL9erww==</latexit><latexit sha1_base64="WUK4NF+RbXRbtKTFcnZ0YwN+JVA=">AAACM3 icdVDLSsNAFJ34rPX92LkZLIKrkNRH7a4ggssKrQ9skMlkooMzkzBzIw2hX+FWP8OPEXfi1n9wUitY0QMDh3PP5Z45YSq4Ac97cSYmp6ZnZitz1fmF xaXlldW1M5NkmrIuTUSiL0JimOCKdYGDYBepZkSGgp2Hd0fl/PyeacMT1YE8ZYEkN4rHnBKw0mUPWB+KTn1wvVLz3GbD3z3Yx57rDVGSw0bTb2J/pN TQCO3rVWejFyU0k0wBFcSYK99LISiIBk4FG1R7mWEpoXfkhl1ZqohkJiiGiQd42yoRjhNtnwI8VH9uFEQak8vQOiWBW/N7Vop/zgxIonMdjd0vSp82 sRlXY94X0K//zgrxYVBwlWbAFP2KGmcCQ4LLAnHENaMgcksI1dz+FtNbogkFW3PV9vhdFv6fnNVd33P9071a63jUaAVtoi20g3zUQC10gtqoiyiS6AE 9oifn2Xl13pz3L+uEM9pZR2NwPj4BL9erww==</latexit><latexit sha1_base64="WUK4NF+RbXRbtKTFcnZ0YwN+JVA=">AAACM3 icdVDLSsNAFJ34rPX92LkZLIKrkNRH7a4ggssKrQ9skMlkooMzkzBzIw2hX+FWP8OPEXfi1n9wUitY0QMDh3PP5Z45YSq4Ac97cSYmp6ZnZitz1fmF xaXlldW1M5NkmrIuTUSiL0JimOCKdYGDYBepZkSGgp2Hd0fl/PyeacMT1YE8ZYEkN4rHnBKw0mUPWB+KTn1wvVLz3GbD3z3Yx57rDVGSw0bTb2J/pN TQCO3rVWejFyU0k0wBFcSYK99LISiIBk4FG1R7mWEpoXfkhl1ZqohkJiiGiQd42yoRjhNtnwI8VH9uFEQak8vQOiWBW/N7Vop/zgxIonMdjd0vSp82 sRlXY94X0K//zgrxYVBwlWbAFP2KGmcCQ4LLAnHENaMgcksI1dz+FtNbogkFW3PV9vhdFv6fnNVd33P9071a63jUaAVtoi20g3zUQC10gtqoiyiS6AE 9oifn2Xl13pz3L+uEM9pZR2NwPj4BL9erww==</latexit>
T4
<latexit sha1_base64="D7FxEKQ UeqDQ/3WAthoDX7klnrs=">AAACM3icdVDLSsNAFJ3UV63Pqjs3g0VwVZ L6aLsriOBSwfrAhjKZTtqhM0mYuZGG0K9wq5/hx4g7ces/OKkRbNEDA4d zz+WeOV4kuAbbfrUKc/MLi0vF5dLK6tr6xmZ561qHsaKsTUMRqluPaCZ4 wNrAQbDbSDEiPcFuvOFpNr95YErzMLiCJGKuJP2A+5wSMNJdB9gI0qujcX ezYlebdefw5BjbVXuCjDTqTaeJnVypoBwX3bK10+mFNJYsACqI1veOHYG bEgWcCjYudWLNIkKHpM/uDQ2IZNpNJ4nHeN8oPeyHyrwA8ET9vZESqXUi PeOUBAZ6dpaJf840SKIS1Zu6n2Y+pX09rfp8JGBUm80KfsNNeRDFwAL6H dWPBYYQZwXiHleMgkgMIVRx81tMB0QRCqbmkunxpyz8P7muVR276lweVV pneaNFtIv20AFyUB210Dm6QG1EkUSP6Ak9Wy/Wm/VufXxbC1a+s42mYH1 +ATNnq8U=</latexit><latexit sha1_base64="D7FxEKQ UeqDQ/3WAthoDX7klnrs=">AAACM3icdVDLSsNAFJ3UV63Pqjs3g0VwVZ L6aLsriOBSwfrAhjKZTtqhM0mYuZGG0K9wq5/hx4g7ces/OKkRbNEDA4d zz+WeOV4kuAbbfrUKc/MLi0vF5dLK6tr6xmZ561qHsaKsTUMRqluPaCZ4 wNrAQbDbSDEiPcFuvOFpNr95YErzMLiCJGKuJP2A+5wSMNJdB9gI0qujcX ezYlebdefw5BjbVXuCjDTqTaeJnVypoBwX3bK10+mFNJYsACqI1veOHYG bEgWcCjYudWLNIkKHpM/uDQ2IZNpNJ4nHeN8oPeyHyrwA8ET9vZESqXUi PeOUBAZ6dpaJf840SKIS1Zu6n2Y+pX09rfp8JGBUm80KfsNNeRDFwAL6H dWPBYYQZwXiHleMgkgMIVRx81tMB0QRCqbmkunxpyz8P7muVR276lweVV pneaNFtIv20AFyUB210Dm6QG1EkUSP6Ak9Wy/Wm/VufXxbC1a+s42mYH1 +ATNnq8U=</latexit><latexit sha1_base64="D7FxEKQ UeqDQ/3WAthoDX7klnrs=">AAACM3icdVDLSsNAFJ3UV63Pqjs3g0VwVZ L6aLsriOBSwfrAhjKZTtqhM0mYuZGG0K9wq5/hx4g7ces/OKkRbNEDA4d zz+WeOV4kuAbbfrUKc/MLi0vF5dLK6tr6xmZ561qHsaKsTUMRqluPaCZ4 wNrAQbDbSDEiPcFuvOFpNr95YErzMLiCJGKuJP2A+5wSMNJdB9gI0qujcX ezYlebdefw5BjbVXuCjDTqTaeJnVypoBwX3bK10+mFNJYsACqI1veOHYG bEgWcCjYudWLNIkKHpM/uDQ2IZNpNJ4nHeN8oPeyHyrwA8ET9vZESqXUi PeOUBAZ6dpaJf840SKIS1Zu6n2Y+pX09rfp8JGBUm80KfsNNeRDFwAL6H dWPBYYQZwXiHleMgkgMIVRx81tMB0QRCqbmkunxpyz8P7muVR276lweVV pneaNFtIv20AFyUB210Dm6QG1EkUSP6Ak9Wy/Wm/VufXxbC1a+s42mYH1 +ATNnq8U=</latexit><latexit sha1_base64="D7FxEKQ UeqDQ/3WAthoDX7klnrs=">AAACM3icdVDLSsNAFJ3UV63Pqjs3g0VwVZ L6aLsriOBSwfrAhjKZTtqhM0mYuZGG0K9wq5/hx4g7ces/OKkRbNEDA4d zz+WeOV4kuAbbfrUKc/MLi0vF5dLK6tr6xmZ561qHsaKsTUMRqluPaCZ4 wNrAQbDbSDEiPcFuvOFpNr95YErzMLiCJGKuJP2A+5wSMNJdB9gI0qujcX ezYlebdefw5BjbVXuCjDTqTaeJnVypoBwX3bK10+mFNJYsACqI1veOHYG bEgWcCjYudWLNIkKHpM/uDQ2IZNpNJ4nHeN8oPeyHyrwA8ET9vZESqXUi PeOUBAZ6dpaJf840SKIS1Zu6n2Y+pX09rfp8JGBUm80KfsNNeRDFwAL6H dWPBYYQZwXiHleMgkgMIVRx81tMB0QRCqbmkunxpyz8P7muVR276lweVV pneaNFtIv20AFyUB210Dm6QG1EkUSP6Ak9Wy/Wm/VufXxbC1a+s42mYH1 +ATNnq8U=</latexit>
Da = 0.4
<latexit sha1_base64="EnrSRzl +FFFHOyowH7wUnLVUqXQ=">AAACO3icdVBLS0JBGJ1rL7OHWu3aDEnQSu 41S10EQgUtDfIBKjJ3nKuDcx/MfDeUi7+kbf2MfkjrdtG2fXPVIKUODJw 55/uYM8cOBFdgmm9GYm19Y3MruZ3a2d3bT2eyBw3lh5KyOvWFL1s2UUxw j9WBg2CtQDLi2oI17dF17DcfmVTc9x5gErCuSwYedzgloKVeJt0BNobohk zxFTbzxV4mZ+YrJev88kJfzRliUi5VrAq2FkoOLVDrZY2jTt+nocs8oII o1bbMALoRkcCpYNNUJ1QsIHREBqytqUdcprrRLPkUn2qljx1f6uMBnqm/ NyLiKjVxbT3pEhiqVS8W//QUuEROZH/p/Siek8pRy6rDxwLGhdWs4JS7E feCEJhH51GdUGDwcVwk7nPJKIiJJoRKrn+L6ZBIQkHXndI9/pSF/yeNQt 4y89Z9MVe9XTSaRMfoBJ0hC5VQFd2hGqojikL0hJ7Ri/FqvBsfxud8NGE sdg7REoyvb8EFrV4=</latexit><latexit sha1_base64="EnrSRzl +FFFHOyowH7wUnLVUqXQ=">AAACO3icdVBLS0JBGJ1rL7OHWu3aDEnQSu 41S10EQgUtDfIBKjJ3nKuDcx/MfDeUi7+kbf2MfkjrdtG2fXPVIKUODJw 55/uYM8cOBFdgmm9GYm19Y3MruZ3a2d3bT2eyBw3lh5KyOvWFL1s2UUxw j9WBg2CtQDLi2oI17dF17DcfmVTc9x5gErCuSwYedzgloKVeJt0BNobohk zxFTbzxV4mZ+YrJev88kJfzRliUi5VrAq2FkoOLVDrZY2jTt+nocs8oII o1bbMALoRkcCpYNNUJ1QsIHREBqytqUdcprrRLPkUn2qljx1f6uMBnqm/ NyLiKjVxbT3pEhiqVS8W//QUuEROZH/p/Siek8pRy6rDxwLGhdWs4JS7E feCEJhH51GdUGDwcVwk7nPJKIiJJoRKrn+L6ZBIQkHXndI9/pSF/yeNQt 4y89Z9MVe9XTSaRMfoBJ0hC5VQFd2hGqojikL0hJ7Ri/FqvBsfxud8NGE sdg7REoyvb8EFrV4=</latexit><latexit sha1_base64="EnrSRzl +FFFHOyowH7wUnLVUqXQ=">AAACO3icdVBLS0JBGJ1rL7OHWu3aDEnQSu 41S10EQgUtDfIBKjJ3nKuDcx/MfDeUi7+kbf2MfkjrdtG2fXPVIKUODJw 55/uYM8cOBFdgmm9GYm19Y3MruZ3a2d3bT2eyBw3lh5KyOvWFL1s2UUxw j9WBg2CtQDLi2oI17dF17DcfmVTc9x5gErCuSwYedzgloKVeJt0BNobohk zxFTbzxV4mZ+YrJev88kJfzRliUi5VrAq2FkoOLVDrZY2jTt+nocs8oII o1bbMALoRkcCpYNNUJ1QsIHREBqytqUdcprrRLPkUn2qljx1f6uMBnqm/ NyLiKjVxbT3pEhiqVS8W//QUuEROZH/p/Siek8pRy6rDxwLGhdWs4JS7E feCEJhH51GdUGDwcVwk7nPJKIiJJoRKrn+L6ZBIQkHXndI9/pSF/yeNQt 4y89Z9MVe9XTSaRMfoBJ0hC5VQFd2hGqojikL0hJ7Ri/FqvBsfxud8NGE sdg7REoyvb8EFrV4=</latexit><latexit sha1_base64="EnrSRzl +FFFHOyowH7wUnLVUqXQ=">AAACO3icdVBLS0JBGJ1rL7OHWu3aDEnQSu 41S10EQgUtDfIBKjJ3nKuDcx/MfDeUi7+kbf2MfkjrdtG2fXPVIKUODJw 55/uYM8cOBFdgmm9GYm19Y3MruZ3a2d3bT2eyBw3lh5KyOvWFL1s2UUxw j9WBg2CtQDLi2oI17dF17DcfmVTc9x5gErCuSwYedzgloKVeJt0BNobohk zxFTbzxV4mZ+YrJev88kJfzRliUi5VrAq2FkoOLVDrZY2jTt+nocs8oII o1bbMALoRkcCpYNNUJ1QsIHREBqytqUdcprrRLPkUn2qljx1f6uMBnqm/ NyLiKjVxbT3pEhiqVS8W//QUuEROZH/p/Siek8pRy6rDxwLGhdWs4JS7E feCEJhH51GdUGDwcVwk7nPJKIiJJoRKrn+L6ZBIQkHXndI9/pSF/yeNQt 4y89Z9MVe9XTSaRMfoBJ0hC5VQFd2hGqojikL0hJ7Ri/FqvBsfxud8NGE sdg7REoyvb8EFrV4=</latexit>
Da = 0.1
<latexit sha1_base64="ErbqOHg dIWxgiLq/EYYUMLMaGV0=">AAACO3icdVDLSgMxFM34rPXRVt25CRbBVZ mpj7YLoaCCywr2AW0pmTTThmYeJHekZeiXuNXP8ENcuxO37s20I9iiBwI n59xLTo4dCK7ANN+MldW19Y3N1FZ6e2d3L5PN7TeUH0rK6tQXvmzZRDHB PVYHDoK1AsmIawvWtEfXsd98ZFJx33uAScC6Lhl43OGUgJZ62UwH2BiiGz LFV9gsWL1s3ixUStbZ5YW+mjPEpFyqWBVsJUoeJaj1csZhp+/T0GUeUEG UaltmAN2ISOBUsGm6EyoWEDoiA9bW1CMuU91olnyKT7TSx44v9fEAz9Tf GxFxlZq4tp50CQzVsheLf3oKXCInsr/wfhTPSeWoRdXhYwHj4nJWcMrdi HtBCMyj86hOKDD4OC4S97lkFMREE0Il17/FdEgkoaDrTusef8rC/5NGsW Dp0u/P89XbpNEUOkLH6BRZqISq6A7VUB1RFKIn9IxejFfj3fgwPuejK0a yc4AWYHx9A7uwrVs=</latexit><latexit sha1_base64="ErbqOHg dIWxgiLq/EYYUMLMaGV0=">AAACO3icdVDLSgMxFM34rPXRVt25CRbBVZ mpj7YLoaCCywr2AW0pmTTThmYeJHekZeiXuNXP8ENcuxO37s20I9iiBwI n59xLTo4dCK7ANN+MldW19Y3N1FZ6e2d3L5PN7TeUH0rK6tQXvmzZRDHB PVYHDoK1AsmIawvWtEfXsd98ZFJx33uAScC6Lhl43OGUgJZ62UwH2BiiGz LFV9gsWL1s3ixUStbZ5YW+mjPEpFyqWBVsJUoeJaj1csZhp+/T0GUeUEG UaltmAN2ISOBUsGm6EyoWEDoiA9bW1CMuU91olnyKT7TSx44v9fEAz9Tf GxFxlZq4tp50CQzVsheLf3oKXCInsr/wfhTPSeWoRdXhYwHj4nJWcMrdi HtBCMyj86hOKDD4OC4S97lkFMREE0Il17/FdEgkoaDrTusef8rC/5NGsW Dp0u/P89XbpNEUOkLH6BRZqISq6A7VUB1RFKIn9IxejFfj3fgwPuejK0a yc4AWYHx9A7uwrVs=</latexit><latexit sha1_base64="ErbqOHg dIWxgiLq/EYYUMLMaGV0=">AAACO3icdVDLSgMxFM34rPXRVt25CRbBVZ mpj7YLoaCCywr2AW0pmTTThmYeJHekZeiXuNXP8ENcuxO37s20I9iiBwI n59xLTo4dCK7ANN+MldW19Y3N1FZ6e2d3L5PN7TeUH0rK6tQXvmzZRDHB PVYHDoK1AsmIawvWtEfXsd98ZFJx33uAScC6Lhl43OGUgJZ62UwH2BiiGz LFV9gsWL1s3ixUStbZ5YW+mjPEpFyqWBVsJUoeJaj1csZhp+/T0GUeUEG UaltmAN2ISOBUsGm6EyoWEDoiA9bW1CMuU91olnyKT7TSx44v9fEAz9Tf GxFxlZq4tp50CQzVsheLf3oKXCInsr/wfhTPSeWoRdXhYwHj4nJWcMrdi HtBCMyj86hOKDD4OC4S97lkFMREE0Il17/FdEgkoaDrTusef8rC/5NGsW Dp0u/P89XbpNEUOkLH6BRZqISq6A7VUB1RFKIn9IxejFfj3fgwPuejK0a yc4AWYHx9A7uwrVs=</latexit><latexit sha1_base64="ErbqOHg dIWxgiLq/EYYUMLMaGV0=">AAACO3icdVDLSgMxFM34rPXRVt25CRbBVZ mpj7YLoaCCywr2AW0pmTTThmYeJHekZeiXuNXP8ENcuxO37s20I9iiBwI n59xLTo4dCK7ANN+MldW19Y3N1FZ6e2d3L5PN7TeUH0rK6tQXvmzZRDHB PVYHDoK1AsmIawvWtEfXsd98ZFJx33uAScC6Lhl43OGUgJZ62UwH2BiiGz LFV9gsWL1s3ixUStbZ5YW+mjPEpFyqWBVsJUoeJaj1csZhp+/T0GUeUEG UaltmAN2ISOBUsGm6EyoWEDoiA9bW1CMuU91olnyKT7TSx44v9fEAz9Tf GxFxlZq4tp50CQzVsheLf3oKXCInsr/wfhTPSeWoRdXhYwHj4nJWcMrdi HtBCMyj86hOKDD4OC4S97lkFMREE0Il17/FdEgkoaDrTusef8rC/5NGsW Dp0u/P89XbpNEUOkLH6BRZqISq6A7VUB1RFKIn9IxejFfj3fgwPuejK0a yc4AWYHx9A7uwrVs=</latexit>
in
cr
ea
si
n
g
D
0
<latexit sha1_base64="1k06kRSrRm/hvS68XwYFXdXFpUQ=">AAACQ3icbVDLSgMxFM34rPXVquDCTbAIrspMEXRZUMFlBfuAtgyZTKYNTTJDckdahn6NW/0MP8JvcCduBdPHwrYeCBzOOZfce4JEcAOu++GsrW9sbm3ndvK7e/sHh4XiUcPEqaasTmMR61ZADBNcsTpwEKyVaEZkIFgzGNxO/OYz04bH6glGCetK0lM84pSAlfzCaQfYEDKuqJ0yXPXwGN/5LvYLJbfsToFXiTcnJTRHzS86J50wpqlkCqggxrQ9N4FuRjRwKtg430kNSwgdkB5rW6qIZKabTS8Y4wurhDiKtX0K8FT9O5ERacxIBjYpCfTNsjcR//UMSKJHOlz4P5vktInMohrxoYBhZXlXiG66tqAkBabobNUoFRhiPCkUh1wzCmJkCaGa22sx7RNNKNja87ZHb7m1VdKolD237D1elar380Zz6Aydo0vkoWtURQ+ohuqIojF6Qa/ozXl3Pp0v53sWXXPmM8doAc7PLzJcsQ8=</latexit><latexit sha1_base64="1k06kRSrRm/hvS68XwYFXdXFpUQ=">AAACQ3icbVDLSgMxFM34rPXVquDCTbAIrspMEXRZUMFlBfuAtgyZTKYNTTJDckdahn6NW/0MP8JvcCduBdPHwrYeCBzOOZfce4JEcAOu++GsrW9sbm3ndvK7e/sHh4XiUcPEqaasTmMR61ZADBNcsTpwEKyVaEZkIFgzGNxO/OYz04bH6glGCetK0lM84pSAlfzCaQfYEDKuqJ0yXPXwGN/5LvYLJbfsToFXiTcnJTRHzS86J50wpqlkCqggxrQ9N4FuRjRwKtg430kNSwgdkB5rW6qIZKabTS8Y4wurhDiKtX0K8FT9O5ERacxIBjYpCfTNsjcR//UMSKJHOlz4P5vktInMohrxoYBhZXlXiG66tqAkBabobNUoFRhiPCkUh1wzCmJkCaGa22sx7RNNKNja87ZHb7m1VdKolD237D1elar380Zz6Aydo0vkoWtURQ+ohuqIojF6Qa/ozXl3Pp0v53sWXXPmM8doAc7PLzJcsQ8=</latexit><latexit sha1_base64="1k06kRSrRm/hvS68XwYFXdXFpUQ=">AAACQ3icbVDLSgMxFM34rPXVquDCTbAIrspMEXRZUMFlBfuAtgyZTKYNTTJDckdahn6NW/0MP8JvcCduBdPHwrYeCBzOOZfce4JEcAOu++GsrW9sbm3ndvK7e/sHh4XiUcPEqaasTmMR61ZADBNcsTpwEKyVaEZkIFgzGNxO/OYz04bH6glGCetK0lM84pSAlfzCaQfYEDKuqJ0yXPXwGN/5LvYLJbfsToFXiTcnJTRHzS86J50wpqlkCqggxrQ9N4FuRjRwKtg430kNSwgdkB5rW6qIZKabTS8Y4wurhDiKtX0K8FT9O5ERacxIBjYpCfTNsjcR//UMSKJHOlz4P5vktInMohrxoYBhZXlXiG66tqAkBabobNUoFRhiPCkUh1wzCmJkCaGa22sx7RNNKNja87ZHb7m1VdKolD237D1elar380Zz6Aydo0vkoWtURQ+ohuqIojF6Qa/ozXl3Pp0v53sWXXPmM8doAc7PLzJcsQ8=</latexit><latexit sha1_base64="1k06kRSrRm/hvS68XwYFXdXFpUQ=">AAACQ3icbVDLSgMxFM34rPXVquDCTbAIrspMEXRZUMFlBfuAtgyZTKYNTTJDckdahn6NW/0MP8JvcCduBdPHwrYeCBzOOZfce4JEcAOu++GsrW9sbm3ndvK7e/sHh4XiUcPEqaasTmMR61ZADBNcsTpwEKyVaEZkIFgzGNxO/OYz04bH6glGCetK0lM84pSAlfzCaQfYEDKuqJ0yXPXwGN/5LvYLJbfsToFXiTcnJTRHzS86J50wpqlkCqggxrQ9N4FuRjRwKtg430kNSwgdkB5rW6qIZKabTS8Y4wurhDiKtX0K8FT9O5ERacxIBjYpCfTNsjcR//UMSKJHOlz4P5vktInMohrxoYBhZXlXiG66tqAkBabobNUoFRhiPCkUh1wzCmJkCaGa22sx7RNNKNja87ZHb7m1VdKolD237D1elar380Zz6Aydo0vkoWtURQ+ohuqIojF6Qa/ozXl3Pp0v53sWXXPmM8doAc7PLzJcsQ8=</latexit>
increasing  µ0
<latexit sha1_base64="J9e6oYEXqM3A0+Fo3Y34ZwMBRhc=">AAACS3icbVDLSgMxFM3UV62vVt25MFgEV2VGBF0KKrhUsA9wSsmkd2owyQzJHWk ZuvRr3Opn+AF+hztxYVq7sK0HAodzziX3niiVwqLvf3iFhcWl5ZXiamltfWNzq1zZbtgkMxzqPJGJaUXMghQa6ihQQis1wFQkoRk9Xoz85hMYKxJ9h4MU2or1tIgFZ+ikTnk/ROhjLjR3U1boHh3S8BIkMhqqrON3ylW/5o9B50kwIVUywU2n4u2G3YRnCjRyyay9D/wU2zkzKLiEYSnMLKSMP7Ie3DuqmQLb zseXDOmhU7o0Tox7GulY/TuRM2XtQEUuqRg+2FlvJP7rWVTMDEx36v98lDM2ttNqLPoS+8ezu2J81nZFpRmC5r+rxpmkmNBRsbQrDHCUA0cYN8JdS/kDM4yjq7/kegxmW5snjeNa4NeC25Pq+dWk0SLZIwfkiATklJyTa3JD6oSTZ/JCXsmb9+59el/e92+04E1mdsgUCks/dhCzoA==</latexit><latexit sha1_base64="J9e6oYEXqM3A0+Fo3Y34ZwMBRhc=">AAACS3icbVDLSgMxFM3UV62vVt25MFgEV2VGBF0KKrhUsA9wSsmkd2owyQzJHWk ZuvRr3Opn+AF+hztxYVq7sK0HAodzziX3niiVwqLvf3iFhcWl5ZXiamltfWNzq1zZbtgkMxzqPJGJaUXMghQa6ihQQis1wFQkoRk9Xoz85hMYKxJ9h4MU2or1tIgFZ+ikTnk/ROhjLjR3U1boHh3S8BIkMhqqrON3ylW/5o9B50kwIVUywU2n4u2G3YRnCjRyyay9D/wU2zkzKLiEYSnMLKSMP7Ie3DuqmQLb zseXDOmhU7o0Tox7GulY/TuRM2XtQEUuqRg+2FlvJP7rWVTMDEx36v98lDM2ttNqLPoS+8ezu2J81nZFpRmC5r+rxpmkmNBRsbQrDHCUA0cYN8JdS/kDM4yjq7/kegxmW5snjeNa4NeC25Pq+dWk0SLZIwfkiATklJyTa3JD6oSTZ/JCXsmb9+59el/e92+04E1mdsgUCks/dhCzoA==</latexit><latexit sha1_base64="J9e6oYEXqM3A0+Fo3Y34ZwMBRhc=">AAACS3icbVDLSgMxFM3UV62vVt25MFgEV2VGBF0KKrhUsA9wSsmkd2owyQzJHWk ZuvRr3Opn+AF+hztxYVq7sK0HAodzziX3niiVwqLvf3iFhcWl5ZXiamltfWNzq1zZbtgkMxzqPJGJaUXMghQa6ihQQis1wFQkoRk9Xoz85hMYKxJ9h4MU2or1tIgFZ+ikTnk/ROhjLjR3U1boHh3S8BIkMhqqrON3ylW/5o9B50kwIVUywU2n4u2G3YRnCjRyyay9D/wU2zkzKLiEYSnMLKSMP7Ie3DuqmQLb zseXDOmhU7o0Tox7GulY/TuRM2XtQEUuqRg+2FlvJP7rWVTMDEx36v98lDM2ttNqLPoS+8ezu2J81nZFpRmC5r+rxpmkmNBRsbQrDHCUA0cYN8JdS/kDM4yjq7/kegxmW5snjeNa4NeC25Pq+dWk0SLZIwfkiATklJyTa3JD6oSTZ/JCXsmb9+59el/e92+04E1mdsgUCks/dhCzoA==</latexit><latexit sha1_base64="J9e6oYEXqM3A0+Fo3Y34ZwMBRhc=">AAACS3icbVDLSgMxFM3UV62vVt25MFgEV2VGBF0KKrhUsA9wSsmkd2owyQzJHWk ZuvRr3Opn+AF+hztxYVq7sK0HAodzziX3niiVwqLvf3iFhcWl5ZXiamltfWNzq1zZbtgkMxzqPJGJaUXMghQa6ihQQis1wFQkoRk9Xoz85hMYKxJ9h4MU2or1tIgFZ+ikTnk/ROhjLjR3U1boHh3S8BIkMhqqrON3ylW/5o9B50kwIVUywU2n4u2G3YRnCjRyyay9D/wU2zkzKLiEYSnMLKSMP7Ie3DuqmQLb zseXDOmhU7o0Tox7GulY/TuRM2XtQEUuqRg+2FlvJP7rWVTMDEx36v98lDM2ttNqLPoS+8ezu2J81nZFpRmC5r+rxpmkmNBRsbQrDHCUA0cYN8JdS/kDM4yjq7/kegxmW5snjeNa4NeC25Pq+dWk0SLZIwfkiATklJyTa3JD6oSTZ/JCXsmb9+59el/e92+04E1mdsgUCks/dhCzoA==</latexit>
Da = 1.0
<latexit sha1_base64="ZDBKnVrJigf8gmik2XNhMyy57+o=">AAACPX icdVDLSsNAFJ3UV62vVt25GSyCq5DUR+1CKKjgsoJVwYYymU506EwSZm7UEvopbvUz/A4/wJ24deskrWBFDwwczrmXOff4seAaHOfVKkxNz8zOFedL C4tLyyvlyuqFjhJFWZtGIlJXPtFM8JC1gYNgV7FiRPqCXfr9o8y/vGNK8yg8h0HMPEluQh5wSsBI3XKlIwncKpkekyE+xK7tdMtVx27U3Z39PezYTo6 MHNQbbiMbyFFFY7S6FWu904toIlkIVBCtr10nBi8lCjgVbFjqJJrFhPbJDbs2NCSSaS/Nsw/xllF6OIiUeSHgXP25kRKp9UD6ZjJLqn97mfinp0ESN VC9if/T/Fod6Ek14A8CHmq/s0Jw4KU8jBNgIR1FDRKBIcJZlbjHFaMgBoYQqri5FtNboggFU3jJ9PhdFv6fXNRs17Hds91q82TcaBFtoE20jVxUR010 ilqojSi6R4/oCT1bL9ab9W59jEYL1nhnDU3A+vwCbveuMw==</latexit><latexit sha1_base64="ZDBKnVrJigf8gmik2XNhMyy57+o=">AAACPX icdVDLSsNAFJ3UV62vVt25GSyCq5DUR+1CKKjgsoJVwYYymU506EwSZm7UEvopbvUz/A4/wJ24deskrWBFDwwczrmXOff4seAaHOfVKkxNz8zOFedL C4tLyyvlyuqFjhJFWZtGIlJXPtFM8JC1gYNgV7FiRPqCXfr9o8y/vGNK8yg8h0HMPEluQh5wSsBI3XKlIwncKpkekyE+xK7tdMtVx27U3Z39PezYTo6 MHNQbbiMbyFFFY7S6FWu904toIlkIVBCtr10nBi8lCjgVbFjqJJrFhPbJDbs2NCSSaS/Nsw/xllF6OIiUeSHgXP25kRKp9UD6ZjJLqn97mfinp0ESN VC9if/T/Fod6Ek14A8CHmq/s0Jw4KU8jBNgIR1FDRKBIcJZlbjHFaMgBoYQqri5FtNboggFU3jJ9PhdFv6fXNRs17Hds91q82TcaBFtoE20jVxUR010 ilqojSi6R4/oCT1bL9ab9W59jEYL1nhnDU3A+vwCbveuMw==</latexit><latexit sha1_base64="ZDBKnVrJigf8gmik2XNhMyy57+o=">AAACPX icdVDLSsNAFJ3UV62vVt25GSyCq5DUR+1CKKjgsoJVwYYymU506EwSZm7UEvopbvUz/A4/wJ24deskrWBFDwwczrmXOff4seAaHOfVKkxNz8zOFedL C4tLyyvlyuqFjhJFWZtGIlJXPtFM8JC1gYNgV7FiRPqCXfr9o8y/vGNK8yg8h0HMPEluQh5wSsBI3XKlIwncKpkekyE+xK7tdMtVx27U3Z39PezYTo6 MHNQbbiMbyFFFY7S6FWu904toIlkIVBCtr10nBi8lCjgVbFjqJJrFhPbJDbs2NCSSaS/Nsw/xllF6OIiUeSHgXP25kRKp9UD6ZjJLqn97mfinp0ESN VC9if/T/Fod6Ek14A8CHmq/s0Jw4KU8jBNgIR1FDRKBIcJZlbjHFaMgBoYQqri5FtNboggFU3jJ9PhdFv6fXNRs17Hds91q82TcaBFtoE20jVxUR010 ilqojSi6R4/oCT1bL9ab9W59jEYL1nhnDU3A+vwCbveuMw==</latexit><latexit sha1_base64="ZDBKnVrJigf8gmik2XNhMyy57+o=">AAACPX icdVDLSsNAFJ3UV62vVt25GSyCq5DUR+1CKKjgsoJVwYYymU506EwSZm7UEvopbvUz/A4/wJ24deskrWBFDwwczrmXOff4seAaHOfVKkxNz8zOFedL C4tLyyvlyuqFjhJFWZtGIlJXPtFM8JC1gYNgV7FiRPqCXfr9o8y/vGNK8yg8h0HMPEluQh5wSsBI3XKlIwncKpkekyE+xK7tdMtVx27U3Z39PezYTo6 MHNQbbiMbyFFFY7S6FWu904toIlkIVBCtr10nBi8lCjgVbFjqJJrFhPbJDbs2NCSSaS/Nsw/xllF6OIiUeSHgXP25kRKp9UD6ZjJLqn97mfinp0ESN VC9if/T/Fod6Ek14A8CHmq/s0Jw4KU8jBNgIR1FDRKBIcJZlbjHFaMgBoYQqri5FtNboggFU3jJ9PhdFv6fXNRs17Hds91q82TcaBFtoE20jVxUR010 ilqojSi6R4/oCT1bL9ab9W59jEYL1nhnDU3A+vwCbveuMw==</latexit>
T1
<latexit sha1_base64="2eXoDHvC4wAfTv29CSedMoqXDuw=">AAACM3icdVDLSgMxFM34rPXVqjs3wSK4KjO+2u4KIris0IfSlpJJMzU0mRmSO9I y9Cvc6mf4MeJO3PoPZtoRbNEDgcO553JPjhsKrsG236yl5ZXVtfXMRnZza3tnN5ffa+ogUpQ1aCACdecSzQT3WQM4CHYXKkakK1jLHV4l89YjU5oHfh3GIetKMvC5xykBI913gI0grjuTXq5gFysl5+zyAttFe4qElEsVp4KdVCmgFLVe3jro9AMaSeYDFUTrtmOH0I2JAk4Fm2Q7kWYhoUMyYG1DfSKZ7sbT xBN8bJQ+9gJlng94qv7eiInUeixd45QEHvTiLBH/nGmQRI1Vf+5+nPiU9vS86vGRgNHpYlbwyt2Y+2EEzKezqF4kMAQ4KRD3uWIUxNgQQhU3v8X0gShCwdScNT3+lIX/J83TomMXndvzQvU6bTSDDtEROkEOKqEqukE11EAUSfSEntGL9Wq9Wx/W58y6ZKU7+2gO1tc3Lg+rwg==</latexit><latexit sha1_base64="2eXoDHvC4wAfTv29CSedMoqXDuw=">AAACM3icdVDLSgMxFM34rPXVqjs3wSK4KjO+2u4KIris0IfSlpJJMzU0mRmSO9I y9Cvc6mf4MeJO3PoPZtoRbNEDgcO553JPjhsKrsG236yl5ZXVtfXMRnZza3tnN5ffa+ogUpQ1aCACdecSzQT3WQM4CHYXKkakK1jLHV4l89YjU5oHfh3GIetKMvC5xykBI913gI0grjuTXq5gFysl5+zyAttFe4qElEsVp4KdVCmgFLVe3jro9AMaSeYDFUTrtmOH0I2JAk4Fm2Q7kWYhoUMyYG1DfSKZ7sbT xBN8bJQ+9gJlng94qv7eiInUeixd45QEHvTiLBH/nGmQRI1Vf+5+nPiU9vS86vGRgNHpYlbwyt2Y+2EEzKezqF4kMAQ4KRD3uWIUxNgQQhU3v8X0gShCwdScNT3+lIX/J83TomMXndvzQvU6bTSDDtEROkEOKqEqukE11EAUSfSEntGL9Wq9Wx/W58y6ZKU7+2gO1tc3Lg+rwg==</latexit><latexit sha1_base64="2eXoDHvC4wAfTv29CSedMoqXDuw=">AAACM3icdVDLSgMxFM34rPXVqjs3wSK4KjO+2u4KIris0IfSlpJJMzU0mRmSO9I y9Cvc6mf4MeJO3PoPZtoRbNEDgcO553JPjhsKrsG236yl5ZXVtfXMRnZza3tnN5ffa+ogUpQ1aCACdecSzQT3WQM4CHYXKkakK1jLHV4l89YjU5oHfh3GIetKMvC5xykBI913gI0grjuTXq5gFysl5+zyAttFe4qElEsVp4KdVCmgFLVe3jro9AMaSeYDFUTrtmOH0I2JAk4Fm2Q7kWYhoUMyYG1DfSKZ7sbT xBN8bJQ+9gJlng94qv7eiInUeixd45QEHvTiLBH/nGmQRI1Vf+5+nPiU9vS86vGRgNHpYlbwyt2Y+2EEzKezqF4kMAQ4KRD3uWIUxNgQQhU3v8X0gShCwdScNT3+lIX/J83TomMXndvzQvU6bTSDDtEROkEOKqEqukE11EAUSfSEntGL9Wq9Wx/W58y6ZKU7+2gO1tc3Lg+rwg==</latexit><latexit sha1_base64="2eXoDHvC4wAfTv29CSedMoqXDuw=">AAACM3icdVDLSgMxFM34rPXVqjs3wSK4KjO+2u4KIris0IfSlpJJMzU0mRmSO9I y9Cvc6mf4MeJO3PoPZtoRbNEDgcO553JPjhsKrsG236yl5ZXVtfXMRnZza3tnN5ffa+ogUpQ1aCACdecSzQT3WQM4CHYXKkakK1jLHV4l89YjU5oHfh3GIetKMvC5xykBI913gI0grjuTXq5gFysl5+zyAttFe4qElEsVp4KdVCmgFLVe3jro9AMaSeYDFUTrtmOH0I2JAk4Fm2Q7kWYhoUMyYG1DfSKZ7sbT xBN8bJQ+9gJlng94qv7eiInUeixd45QEHvTiLBH/nGmQRI1Vf+5+nPiU9vS86vGRgNHpYlbwyt2Y+2EEzKezqF4kMAQ4KRD3uWIUxNgQQhU3v8X0gShCwdScNT3+lIX/J83TomMXndvzQvU6bTSDDtEROkEOKqEqukE11EAUSfSEntGL9Wq9Wx/W58y6ZKU7+2gO1tc3Lg+rwg==</latexit>
T2
<latexit sha1_base64="WUK4NF+RbXRbtKTFcnZ0YwN+JVA=">AAACM3icdVDLSsNAFJ34rPX92LkZLIKrkNRH7a4ggssKrQ9skMlkooMzkzBzIw2 hX+FWP8OPEXfi1n9wUitY0QMDh3PP5Z45YSq4Ac97cSYmp6ZnZitz1fmFxaXlldW1M5NkmrIuTUSiL0JimOCKdYGDYBepZkSGgp2Hd0fl/PyeacMT1YE8ZYEkN4rHnBKw0mUPWB+KTn1wvVLz3GbD3z3Yx57rDVGSw0bTb2J/pNTQCO3rVWejFyU0k0wBFcSYK99LISiIBk4FG1R7mWEpoXfkhl1ZqohkJiiG iQd42yoRjhNtnwI8VH9uFEQak8vQOiWBW/N7Vop/zgxIonMdjd0vSp82sRlXY94X0K//zgrxYVBwlWbAFP2KGmcCQ4LLAnHENaMgcksI1dz+FtNbogkFW3PV9vhdFv6fnNVd33P9071a63jUaAVtoi20g3zUQC10gtqoiyiS6AE9oifn2Xl13pz3L+uEM9pZR2NwPj4BL9erww==</latexit><latexit sha1_base64="WUK4NF+RbXRbtKTFcnZ0YwN+JVA=">AAACM3icdVDLSsNAFJ34rPX92LkZLIKrkNRH7a4ggssKrQ9skMlkooMzkzBzIw2 hX+FWP8OPEXfi1n9wUitY0QMDh3PP5Z45YSq4Ac97cSYmp6ZnZitz1fmFxaXlldW1M5NkmrIuTUSiL0JimOCKdYGDYBepZkSGgp2Hd0fl/PyeacMT1YE8ZYEkN4rHnBKw0mUPWB+KTn1wvVLz3GbD3z3Yx57rDVGSw0bTb2J/pNTQCO3rVWejFyU0k0wBFcSYK99LISiIBk4FG1R7mWEpoXfkhl1ZqohkJiiG iQd42yoRjhNtnwI8VH9uFEQak8vQOiWBW/N7Vop/zgxIonMdjd0vSp82sRlXY94X0K//zgrxYVBwlWbAFP2KGmcCQ4LLAnHENaMgcksI1dz+FtNbogkFW3PV9vhdFv6fnNVd33P9071a63jUaAVtoi20g3zUQC10gtqoiyiS6AE9oifn2Xl13pz3L+uEM9pZR2NwPj4BL9erww==</latexit><latexit sha1_base64="WUK4NF+RbXRbtKTFcnZ0YwN+JVA=">AAACM3icdVDLSsNAFJ34rPX92LkZLIKrkNRH7a4ggssKrQ9skMlkooMzkzBzIw2 hX+FWP8OPEXfi1n9wUitY0QMDh3PP5Z45YSq4Ac97cSYmp6ZnZitz1fmFxaXlldW1M5NkmrIuTUSiL0JimOCKdYGDYBepZkSGgp2Hd0fl/PyeacMT1YE8ZYEkN4rHnBKw0mUPWB+KTn1wvVLz3GbD3z3Yx57rDVGSw0bTb2J/pNTQCO3rVWejFyU0k0wBFcSYK99LISiIBk4FG1R7mWEpoXfkhl1ZqohkJiiG iQd42yoRjhNtnwI8VH9uFEQak8vQOiWBW/N7Vop/zgxIonMdjd0vSp82sRlXY94X0K//zgrxYVBwlWbAFP2KGmcCQ4LLAnHENaMgcksI1dz+FtNbogkFW3PV9vhdFv6fnNVd33P9071a63jUaAVtoi20g3zUQC10gtqoiyiS6AE9oifn2Xl13pz3L+uEM9pZR2NwPj4BL9erww==</latexit><latexit sha1_base64="WUK4NF+RbXRbtKTFcnZ0YwN+JVA=">AAACM3icdVDLSsNAFJ34rPX92LkZLIKrkNRH7a4ggssKrQ9skMlkooMzkzBzIw2 hX+FWP8OPEXfi1n9wUitY0QMDh3PP5Z45YSq4Ac97cSYmp6ZnZitz1fmFxaXlldW1M5NkmrIuTUSiL0JimOCKdYGDYBepZkSGgp2Hd0fl/PyeacMT1YE8ZYEkN4rHnBKw0mUPWB+KTn1wvVLz3GbD3z3Yx57rDVGSw0bTb2J/pNTQCO3rVWejFyU0k0wBFcSYK99LISiIBk4FG1R7mWEpoXfkhl1ZqohkJiiG iQd42yoRjhNtnwI8VH9uFEQak8vQOiWBW/N7Vop/zgxIonMdjd0vSp82sRlXY94X0K//zgrxYVBwlWbAFP2KGmcCQ4LLAnHENaMgcksI1dz+FtNbogkFW3PV9vhdFv6fnNVd33P9071a63jUaAVtoi20g3zUQC10gtqoiyiS6AE9oifn2Xl13pz3L+uEM9pZR2NwPj4BL9erww==</latexit>
T4
<latexit sha1_base64="D7FxEKQUeqDQ/3WAthoDX7klnrs=">AAACM3icdVDLSsNAFJ3UV63Pqjs3g0VwVZL6aLsriOBSwfrAhjKZTtqhM0mYuZG G0K9wq5/hx4g7ces/OKkRbNEDA4dzz+WeOV4kuAbbfrUKc/MLi0vF5dLK6tr6xmZ561qHsaKsTUMRqluPaCZ4wNrAQbDbSDEiPcFuvOFpNr95YErzMLiCJGKuJP2A+5wSMNJdB9gI0qujcXezYlebdefw5BjbVXuCjDTqTaeJnVypoBwX3bK10+mFNJYsACqI1veOHYGbEgWcCjYudWLNIkKHpM/uDQ2IZNpN J4nHeN8oPeyHyrwA8ET9vZESqXUiPeOUBAZ6dpaJf840SKIS1Zu6n2Y+pX09rfp8JGBUm80KfsNNeRDFwAL6HdWPBYYQZwXiHleMgkgMIVRx81tMB0QRCqbmkunxpyz8P7muVR276lweVVpneaNFtIv20AFyUB210Dm6QG1EkUSP6Ak9Wy/Wm/VufXxbC1a+s42mYH1+ATNnq8U=</latexit><latexit sha1_base64="D7FxEKQUeqDQ/3WAthoDX7klnrs=">AAACM3icdVDLSsNAFJ3UV63Pqjs3g0VwVZL6aLsriOBSwfrAhjKZTtqhM0mYuZG G0K9wq5/hx4g7ces/OKkRbNEDA4dzz+WeOV4kuAbbfrUKc/MLi0vF5dLK6tr6xmZ561qHsaKsTUMRqluPaCZ4wNrAQbDbSDEiPcFuvOFpNr95YErzMLiCJGKuJP2A+5wSMNJdB9gI0qujcXezYlebdefw5BjbVXuCjDTqTaeJnVypoBwX3bK10+mFNJYsACqI1veOHYGbEgWcCjYudWLNIkKHpM/uDQ2IZNpN J4nHeN8oPeyHyrwA8ET9vZESqXUiPeOUBAZ6dpaJf840SKIS1Zu6n2Y+pX09rfp8JGBUm80KfsNNeRDFwAL6HdWPBYYQZwXiHleMgkgMIVRx81tMB0QRCqbmkunxpyz8P7muVR276lweVVpneaNFtIv20AFyUB210Dm6QG1EkUSP6Ak9Wy/Wm/VufXxbC1a+s42mYH1+ATNnq8U=</latexit><latexit sha1_base64="D7FxEKQUeqDQ/3WAthoDX7klnrs=">AAACM3icdVDLSsNAFJ3UV63Pqjs3g0VwVZL6aLsriOBSwfrAhjKZTtqhM0mYuZG G0K9wq5/hx4g7ces/OKkRbNEDA4dzz+WeOV4kuAbbfrUKc/MLi0vF5dLK6tr6xmZ561qHsaKsTUMRqluPaCZ4wNrAQbDbSDEiPcFuvOFpNr95YErzMLiCJGKuJP2A+5wSMNJdB9gI0qujcXezYlebdefw5BjbVXuCjDTqTaeJnVypoBwX3bK10+mFNJYsACqI1veOHYGbEgWcCjYudWLNIkKHpM/uDQ2IZNpN J4nHeN8oPeyHyrwA8ET9vZESqXUiPeOUBAZ6dpaJf840SKIS1Zu6n2Y+pX09rfp8JGBUm80KfsNNeRDFwAL6HdWPBYYQZwXiHleMgkgMIVRx81tMB0QRCqbmkunxpyz8P7muVR276lweVVpneaNFtIv20AFyUB210Dm6QG1EkUSP6Ak9Wy/Wm/VufXxbC1a+s42mYH1+ATNnq8U=</latexit><latexit sha1_base64="D7FxEKQUeqDQ/3WAthoDX7klnrs=">AAACM3icdVDLSsNAFJ3UV63Pqjs3g0VwVZL6aLsriOBSwfrAhjKZTtqhM0mYuZG G0K9wq5/hx4g7ces/OKkRbNEDA4dzz+WeOV4kuAbbfrUKc/MLi0vF5dLK6tr6xmZ561qHsaKsTUMRqluPaCZ4wNrAQbDbSDEiPcFuvOFpNr95YErzMLiCJGKuJP2A+5wSMNJdB9gI0qujcXezYlebdefw5BjbVXuCjDTqTaeJnVypoBwX3bK10+mFNJYsACqI1veOHYGbEgWcCjYudWLNIkKHpM/uDQ2IZNpN J4nHeN8oPeyHyrwA8ET9vZESqXUiPeOUBAZ6dpaJf840SKIS1Zu6n2Y+pX09rfp8JGBUm80KfsNNeRDFwAL6HdWPBYYQZwXiHleMgkgMIVRx81tMB0QRCqbmkunxpyz8P7muVR276lweVVpneaNFtIv20AFyUB210Dm6QG1EkUSP6Ak9Wy/Wm/VufXxbC1a+s42mYH1+ATNnq8U=</latexit>
Da = 0.4
<latexit sha1_base64="EnrSRzl+FFFHOyowH7wUnLVUqXQ=">AAACO3 icdVBLS0JBGJ1rL7OHWu3aDEnQSu41S10EQgUtDfIBKjJ3nKuDcx/MfDeUi7+kbf2MfkjrdtG2fXPVIKUODJw55/uYM8cOBFdgmm9GYm19Y3MruZ3a 2d3bT2eyBw3lh5KyOvWFL1s2UUxwj9WBg2CtQDLi2oI17dF17DcfmVTc9x5gErCuSwYedzgloKVeJt0BNobohkzxFTbzxV4mZ+YrJev88kJfzRliUi5 VrAq2FkoOLVDrZY2jTt+nocs8oIIo1bbMALoRkcCpYNNUJ1QsIHREBqytqUdcprrRLPkUn2qljx1f6uMBnqm/NyLiKjVxbT3pEhiqVS8W//QUuEROZ H/p/Siek8pRy6rDxwLGhdWs4JS7EfeCEJhH51GdUGDwcVwk7nPJKIiJJoRKrn+L6ZBIQkHXndI9/pSF/yeNQt4y89Z9MVe9XTSaRMfoBJ0hC5VQFd2h GqojikL0hJ7Ri/FqvBsfxud8NGEsdg7REoyvb8EFrV4=</latexit><latexit sha1_base64="EnrSRzl+FFFHOyowH7wUnLVUqXQ=">AAACO3 icdVBLS0JBGJ1rL7OHWu3aDEnQSu41S10EQgUtDfIBKjJ3nKuDcx/MfDeUi7+kbf2MfkjrdtG2fXPVIKUODJw55/uYM8cOBFdgmm9GYm19Y3MruZ3a 2d3bT2eyBw3lh5KyOvWFL1s2UUxwj9WBg2CtQDLi2oI17dF17DcfmVTc9x5gErCuSwYedzgloKVeJt0BNobohkzxFTbzxV4mZ+YrJev88kJfzRliUi5 VrAq2FkoOLVDrZY2jTt+nocs8oIIo1bbMALoRkcCpYNNUJ1QsIHREBqytqUdcprrRLPkUn2qljx1f6uMBnqm/NyLiKjVxbT3pEhiqVS8W//QUuEROZ H/p/Siek8pRy6rDxwLGhdWs4JS7EfeCEJhH51GdUGDwcVwk7nPJKIiJJoRKrn+L6ZBIQkHXndI9/pSF/yeNQt4y89Z9MVe9XTSaRMfoBJ0hC5VQFd2h GqojikL0hJ7Ri/FqvBsfxud8NGEsdg7REoyvb8EFrV4=</latexit><latexit sha1_base64="EnrSRzl+FFFHOyowH7wUnLVUqXQ=">AAACO3 icdVBLS0JBGJ1rL7OHWu3aDEnQSu41S10EQgUtDfIBKjJ3nKuDcx/MfDeUi7+kbf2MfkjrdtG2fXPVIKUODJw55/uYM8cOBFdgmm9GYm19Y3MruZ3a 2d3bT2eyBw3lh5KyOvWFL1s2UUxwj9WBg2CtQDLi2oI17dF17DcfmVTc9x5gErCuSwYedzgloKVeJt0BNobohkzxFTbzxV4mZ+YrJev88kJfzRliUi5 VrAq2FkoOLVDrZY2jTt+nocs8oIIo1bbMALoRkcCpYNNUJ1QsIHREBqytqUdcprrRLPkUn2qljx1f6uMBnqm/NyLiKjVxbT3pEhiqVS8W//QUuEROZ H/p/Siek8pRy6rDxwLGhdWs4JS7EfeCEJhH51GdUGDwcVwk7nPJKIiJJoRKrn+L6ZBIQkHXndI9/pSF/yeNQt4y89Z9MVe9XTSaRMfoBJ0hC5VQFd2h GqojikL0hJ7Ri/FqvBsfxud8NGEsdg7REoyvb8EFrV4=</latexit><latexit sha1_base64="EnrSRzl+FFFHOyowH7wUnLVUqXQ=">AAACO3 icdVBLS0JBGJ1rL7OHWu3aDEnQSu41S10EQgUtDfIBKjJ3nKuDcx/MfDeUi7+kbf2MfkjrdtG2fXPVIKUODJw55/uYM8cOBFdgmm9GYm19Y3MruZ3a 2d3bT2eyBw3lh5KyOvWFL1s2UUxwj9WBg2CtQDLi2oI17dF17DcfmVTc9x5gErCuSwYedzgloKVeJt0BNobohkzxFTbzxV4mZ+YrJev88kJfzRliUi5 VrAq2FkoOLVDrZY2jTt+nocs8oIIo1bbMALoRkcCpYNNUJ1QsIHREBqytqUdcprrRLPkUn2qljx1f6uMBnqm/NyLiKjVxbT3pEhiqVS8W//QUuEROZ H/p/Siek8pRy6rDxwLGhdWs4JS7EfeCEJhH51GdUGDwcVwk7nPJKIiJJoRKrn+L6ZBIQkHXndI9/pSF/yeNQt4y89Z9MVe9XTSaRMfoBJ0hC5VQFd2h GqojikL0hJ7Ri/FqvBsfxud8NGEsdg7REoyvb8EFrV4=</latexit>
Da = 0.1
<latexit sha1_base64="ErbqOHgdIWxgiLq/EYYUMLMaGV0=">AAACO3 icdVDLSgMxFM34rPXRVt25CRbBVZmpj7YLoaCCywr2AW0pmTTThmYeJHekZeiXuNXP8ENcuxO37s20I9iiBwIn59xLTo4dCK7ANN+MldW19Y3N1FZ6 e2d3L5PN7TeUH0rK6tQXvmzZRDHBPVYHDoK1AsmIawvWtEfXsd98ZFJx33uAScC6Lhl43OGUgJZ62UwH2BiiGzLFV9gsWL1s3ixUStbZ5YW+mjPEpFy qWBVsJUoeJaj1csZhp+/T0GUeUEGUaltmAN2ISOBUsGm6EyoWEDoiA9bW1CMuU91olnyKT7TSx44v9fEAz9TfGxFxlZq4tp50CQzVsheLf3oKXCIns r/wfhTPSeWoRdXhYwHj4nJWcMrdiHtBCMyj86hOKDD4OC4S97lkFMREE0Il17/FdEgkoaDrTusef8rC/5NGsWDp0u/P89XbpNEUOkLH6BRZqISq6A7V UB1RFKIn9IxejFfj3fgwPuejK0ayc4AWYHx9A7uwrVs=</latexit><latexit sha1_base64="ErbqOHgdIWxgiLq/EYYUMLMaGV0=">AAACO3 icdVDLSgMxFM34rPXRVt25CRbBVZmpj7YLoaCCywr2AW0pmTTThmYeJHekZeiXuNXP8ENcuxO37s20I9iiBwIn59xLTo4dCK7ANN+MldW19Y3N1FZ6 e2d3L5PN7TeUH0rK6tQXvmzZRDHBPVYHDoK1AsmIawvWtEfXsd98ZFJx33uAScC6Lhl43OGUgJZ62UwH2BiiGzLFV9gsWL1s3ixUStbZ5YW+mjPEpFy qWBVsJUoeJaj1csZhp+/T0GUeUEGUaltmAN2ISOBUsGm6EyoWEDoiA9bW1CMuU91olnyKT7TSx44v9fEAz9TfGxFxlZq4tp50CQzVsheLf3oKXCIns r/wfhTPSeWoRdXhYwHj4nJWcMrdiHtBCMyj86hOKDD4OC4S97lkFMREE0Il17/FdEgkoaDrTusef8rC/5NGsWDp0u/P89XbpNEUOkLH6BRZqISq6A7V UB1RFKIn9IxejFfj3fgwPuejK0ayc4AWYHx9A7uwrVs=</latexit><latexit sha1_base64="ErbqOHgdIWxgiLq/EYYUMLMaGV0=">AAACO3 icdVDLSgMxFM34rPXRVt25CRbBVZmpj7YLoaCCywr2AW0pmTTThmYeJHekZeiXuNXP8ENcuxO37s20I9iiBwIn59xLTo4dCK7ANN+MldW19Y3N1FZ6 e2d3L5PN7TeUH0rK6tQXvmzZRDHBPVYHDoK1AsmIawvWtEfXsd98ZFJx33uAScC6Lhl43OGUgJZ62UwH2BiiGzLFV9gsWL1s3ixUStbZ5YW+mjPEpFy qWBVsJUoeJaj1csZhp+/T0GUeUEGUaltmAN2ISOBUsGm6EyoWEDoiA9bW1CMuU91olnyKT7TSx44v9fEAz9TfGxFxlZq4tp50CQzVsheLf3oKXCIns r/wfhTPSeWoRdXhYwHj4nJWcMrdiHtBCMyj86hOKDD4OC4S97lkFMREE0Il17/FdEgkoaDrTusef8rC/5NGsWDp0u/P89XbpNEUOkLH6BRZqISq6A7V UB1RFKIn9IxejFfj3fgwPuejK0ayc4AWYHx9A7uwrVs=</latexit><latexit sha1_base64="ErbqOHgdIWxgiLq/EYYUMLMaGV0=">AAACO3 icdVDLSgMxFM34rPXRVt25CRbBVZmpj7YLoaCCywr2AW0pmTTThmYeJHekZeiXuNXP8ENcuxO37s20I9iiBwIn59xLTo4dCK7ANN+MldW19Y3N1FZ6 e2d3L5PN7TeUH0rK6tQXvmzZRDHBPVYHDoK1AsmIawvWtEfXsd98ZFJx33uAScC6Lhl43OGUgJZ62UwH2BiiGzLFV9gsWL1s3ixUStbZ5YW+mjPEpFy qWBVsJUoeJaj1csZhp+/T0GUeUEGUaltmAN2ISOBUsGm6EyoWEDoiA9bW1CMuU91olnyKT7TSx44v9fEAz9TfGxFxlZq4tp50CQzVsheLf3oKXCIns r/wfhTPSeWoRdXhYwHj4nJWcMrdiHtBCMyj86hOKDD4OC4S97lkFMREE0Il17/FdEgkoaDrTusef8rC/5NGsWDp0u/P89XbpNEUOkLH6BRZqISq6A7V UB1RFKIn9IxejFfj3fgwPuejK0ayc4AWYHx9A7uwrVs=</latexit>(b)
<latexit sha1_base64="XVRvuqXGVZtuzITI5OBod5sAJdI=">AAACNH icbVDLSsNAFJ3UV62vVt25CRahbkpSBF0WdOGygn1gG8pkMmmHTiZh5kYaQv/CrX6G/yK4E7d+g5M2C9t6YOBw7rncM8eNOFNgWR9GYWNza3unuFva 2z84PCpXjjsqjCWhbRLyUPZcrChngraBAae9SFIcuJx23cltNu8+U6lYKB4hiagT4JFgPiMYtPQ0ADqFtOZezoblqlW35jDXiZ2TKsrRGlaM04EXkji gAgjHSvVtKwInxRIY4XRWGsSKRphM8Ij2NRU4oMpJ55Fn5oVWPNMPpX4CzLn6dyPFgVJJ4GpngGGsVmeZ+O9MQYBlIr2l+2nmk8pXy6rPphymjdWs4 N84KRNRDFSQRVQ/5iaEZtag6TFJCfBEE0wk0781yRhLTED3XNI92qutrZNOo25bdfvhqtq8yxstojN0jmrIRteoie5RC7URQQK9oFf0Zrwbn8aX8b2w Fox85wQtwfj5BTjrq7g=</latexit><latexit sha1_base64="XVRvuqXGVZtuzITI5OBod5sAJdI=">AAACNH icbVDLSsNAFJ3UV62vVt25CRahbkpSBF0WdOGygn1gG8pkMmmHTiZh5kYaQv/CrX6G/yK4E7d+g5M2C9t6YOBw7rncM8eNOFNgWR9GYWNza3unuFva 2z84PCpXjjsqjCWhbRLyUPZcrChngraBAae9SFIcuJx23cltNu8+U6lYKB4hiagT4JFgPiMYtPQ0ADqFtOZezoblqlW35jDXiZ2TKsrRGlaM04EXkji gAgjHSvVtKwInxRIY4XRWGsSKRphM8Ij2NRU4oMpJ55Fn5oVWPNMPpX4CzLn6dyPFgVJJ4GpngGGsVmeZ+O9MQYBlIr2l+2nmk8pXy6rPphymjdWs4 N84KRNRDFSQRVQ/5iaEZtag6TFJCfBEE0wk0781yRhLTED3XNI92qutrZNOo25bdfvhqtq8yxstojN0jmrIRteoie5RC7URQQK9oFf0Zrwbn8aX8b2w Fox85wQtwfj5BTjrq7g=</latexit><latexit sha1_base64="XVRvuqXGVZtuzITI5OBod5sAJdI=">AAACNH icbVDLSsNAFJ3UV62vVt25CRahbkpSBF0WdOGygn1gG8pkMmmHTiZh5kYaQv/CrX6G/yK4E7d+g5M2C9t6YOBw7rncM8eNOFNgWR9GYWNza3unuFva 2z84PCpXjjsqjCWhbRLyUPZcrChngraBAae9SFIcuJx23cltNu8+U6lYKB4hiagT4JFgPiMYtPQ0ADqFtOZezoblqlW35jDXiZ2TKsrRGlaM04EXkji gAgjHSvVtKwInxRIY4XRWGsSKRphM8Ij2NRU4oMpJ55Fn5oVWPNMPpX4CzLn6dyPFgVJJ4GpngGGsVmeZ+O9MQYBlIr2l+2nmk8pXy6rPphymjdWs4 N84KRNRDFSQRVQ/5iaEZtag6TFJCfBEE0wk0781yRhLTED3XNI92qutrZNOo25bdfvhqtq8yxstojN0jmrIRteoie5RC7URQQK9oFf0Zrwbn8aX8b2w Fox85wQtwfj5BTjrq7g=</latexit><latexit sha1_base64="XVRvuqXGVZtuzITI5OBod5sAJdI=">AAACNH icbVDLSsNAFJ3UV62vVt25CRahbkpSBF0WdOGygn1gG8pkMmmHTiZh5kYaQv/CrX6G/yK4E7d+g5M2C9t6YOBw7rncM8eNOFNgWR9GYWNza3unuFva 2z84PCpXjjsqjCWhbRLyUPZcrChngraBAae9SFIcuJx23cltNu8+U6lYKB4hiagT4JFgPiMYtPQ0ADqFtOZezoblqlW35jDXiZ2TKsrRGlaM04EXkji gAgjHSvVtKwInxRIY4XRWGsSKRphM8Ij2NRU4oMpJ55Fn5oVWPNMPpX4CzLn6dyPFgVJJ4GpngGGsVmeZ+O9MQYBlIr2l+2nmk8pXy6rPphymjdWs4 N84KRNRDFSQRVQ/5iaEZtag6TFJCfBEE0wk0781yRhLTED3XNI92qutrZNOo25bdfvhqtq8yxstojN0jmrIRteoie5RC7URQQK9oFf0Zrwbn8aX8b2w Fox85wQtwfj5BTjrq7g=</latexit>
in
cr
ea
si
n
g
D
0
<latexit sha1_base64="1k06kRSrRm/hvS68XwYFXdXFpUQ=">AAACQ3icbVDLSgMxFM34rPXVquDCTbAIrspMEXRZUMFlBfuAtgyZTKYNTTJDckdahn6NW/0MP8JvcCduBdPHwrYeCBzOOZfce4JEcAOu++GsrW9sbm3ndvK7e/sHh4XiUcPEqaasTmMR61ZADBNcsTpwEKyVaEZkIFgzGNxO/OYz04bH6glGCetK0lM84pSAlfzCaQfYEDKuqJ0yXPXwGN/5LvYLJbfsToFXiTcnJTRHzS86J50wpqlkCqggxrQ9N4FuRjRwKtg430kNSwgdkB5rW6qIZKabTS8Y4wurhDiKtX0K8FT9O5ERacxIBjYpCfTNsjcR//UMSKJHOlz4P5vktInMohrxoYBhZXlXiG66tqAkBabobNUoFRhiPCkUh1wzCmJkCaGa22sx7RNNKNja87ZHb7m1VdKolD237D1elar380Zz6Aydo0vkoWtURQ+ohuqIojF6Qa/ozXl3Pp0v53sWXXPmM8doAc7PLzJcsQ8=</latexit><latexit sha1_base64="1k06kRSrRm/hvS68XwYFXdXFpUQ=">AAACQ3icbVDLSgMxFM34rPXVquDCTbAIrspMEXRZUMFlBfuAtgyZTKYNTTJDckdahn6NW/0MP8JvcCduBdPHwrYeCBzOOZfce4JEcAOu++GsrW9sbm3ndvK7e/sHh4XiUcPEqaasTmMR61ZADBNcsTpwEKyVaEZkIFgzGNxO/OYz04bH6glGCetK0lM84pSAlfzCaQfYEDKuqJ0yXPXwGN/5LvYLJbfsToFXiTcnJTRHzS86J50wpqlkCqggxrQ9N4FuRjRwKtg430kNSwgdkB5rW6qIZKabTS8Y4wurhDiKtX0K8FT9O5ERacxIBjYpCfTNsjcR//UMSKJHOlz4P5vktInMohrxoYBhZXlXiG66tqAkBabobNUoFRhiPCkUh1wzCmJkCaGa22sx7RNNKNja87ZHb7m1VdKolD237D1elar380Zz6Aydo0vkoWtURQ+ohuqIojF6Qa/ozXl3Pp0v53sWXXPmM8doAc7PLzJcsQ8=</latexit><latexit sha1_base64="1k06kRSrRm/hvS68XwYFXdXFpUQ=">AAACQ3icbVDLSgMxFM34rPXVquDCTbAIrspMEXRZUMFlBfuAtgyZTKYNTTJDckdahn6NW/0MP8JvcCduBdPHwrYeCBzOOZfce4JEcAOu++GsrW9sbm3ndvK7e/sHh4XiUcPEqaasTmMR61ZADBNcsTpwEKyVaEZkIFgzGNxO/OYz04bH6glGCetK0lM84pSAlfzCaQfYEDKuqJ0yXPXwGN/5LvYLJbfsToFXiTcnJTRHzS86J50wpqlkCqggxrQ9N4FuRjRwKtg430kNSwgdkB5rW6qIZKabTS8Y4wurhDiKtX0K8FT9O5ERacxIBjYpCfTNsjcR//UMSKJHOlz4P5vktInMohrxoYBhZXlXiG66tqAkBabobNUoFRhiPCkUh1wzCmJkCaGa22sx7RNNKNja87ZHb7m1VdKolD237D1elar380Zz6Aydo0vkoWtURQ+ohuqIojF6Qa/ozXl3Pp0v53sWXXPmM8doAc7PLzJcsQ8=</latexit><latexit sha1_base64="1k06kRSrRm/hvS68XwYFXdXFpUQ=">AAACQ3icbVDLSgMxFM34rPXVquDCTbAIrspMEXRZUMFlBfuAtgyZTKYNTTJDckdahn6NW/0MP8JvcCduBdPHwrYeCBzOOZfce4JEcAOu++GsrW9sbm3ndvK7e/sHh4XiUcPEqaasTmMR61ZADBNcsTpwEKyVaEZkIFgzGNxO/OYz04bH6glGCetK0lM84pSAlfzCaQfYEDKuqJ0yXPXwGN/5LvYLJbfsToFXiTcnJTRHzS86J50wpqlkCqggxrQ9N4FuRjRwKtg430kNSwgdkB5rW6qIZKabTS8Y4wurhDiKtX0K8FT9O5ERacxIBjYpCfTNsjcR//UMSKJHOlz4P5vktInMohrxoYBhZXlXiG66tqAkBabobNUoFRhiPCkUh1wzCmJkCaGa22sx7RNNKNja87ZHb7m1VdKolD237D1elar380Zz6Aydo0vkoWtURQ+ohuqIojF6Qa/ozXl3Pp0v53sWXXPmM8doAc7PLzJcsQ8=</latexit>
increasing  µ0
<latexit sha1_base64="J9e6oYEXqM3A0+Fo3Y34ZwMBRhc=">AAACS3icbVDLSgMxFM3UV62vVt25MFgEV2VGBF0KKrhUsA9wSsmkd2owyQzJHW kZuvRr3Opn+AF+hztxYVq7sK0HAodzziX3niiVwqLvf3iFhcWl5ZXiamltfWNzq1zZbtgkMxzqPJGJaUXMghQa6ihQQis1wFQkoRk9Xoz85hMYKxJ9h4MU2or1tIgFZ+ikTnk/ROhjLjR3U1boHh3S8BIkMhqqrON3ylW/5o9B50kwIVUywU2n4u2G3YRnCjRyyay9D/wU2zkzKLiEYSnMLKSMP7Ie3DuqmQ LbzseXDOmhU7o0Tox7GulY/TuRM2XtQEUuqRg+2FlvJP7rWVTMDEx36v98lDM2ttNqLPoS+8ezu2J81nZFpRmC5r+rxpmkmNBRsbQrDHCUA0cYN8JdS/kDM4yjq7/kegxmW5snjeNa4NeC25Pq+dWk0SLZIwfkiATklJyTa3JD6oSTZ/JCXsmb9+59el/e92+04E1mdsgUCks/dhCzoA==</latexit><latexit sha1_base64="J9e6oYEXqM3A0+Fo3Y34ZwMBRhc=">AAACS3icbVDLSgMxFM3UV62vVt25MFgEV2VGBF0KKrhUsA9wSsmkd2owyQzJHW kZuvRr3Opn+AF+hztxYVq7sK0HAodzziX3niiVwqLvf3iFhcWl5ZXiamltfWNzq1zZbtgkMxzqPJGJaUXMghQa6ihQQis1wFQkoRk9Xoz85hMYKxJ9h4MU2or1tIgFZ+ikTnk/ROhjLjR3U1boHh3S8BIkMhqqrON3ylW/5o9B50kwIVUywU2n4u2G3YRnCjRyyay9D/wU2zkzKLiEYSnMLKSMP7Ie3DuqmQ LbzseXDOmhU7o0Tox7GulY/TuRM2XtQEUuqRg+2FlvJP7rWVTMDEx36v98lDM2ttNqLPoS+8ezu2J81nZFpRmC5r+rxpmkmNBRsbQrDHCUA0cYN8JdS/kDM4yjq7/kegxmW5snjeNa4NeC25Pq+dWk0SLZIwfkiATklJyTa3JD6oSTZ/JCXsmb9+59el/e92+04E1mdsgUCks/dhCzoA==</latexit><latexit sha1_base64="J9e6oYEXqM3A0+Fo3Y34ZwMBRhc=">AAACS3icbVDLSgMxFM3UV62vVt25MFgEV2VGBF0KKrhUsA9wSsmkd2owyQzJHW kZuvRr3Opn+AF+hztxYVq7sK0HAodzziX3niiVwqLvf3iFhcWl5ZXiamltfWNzq1zZbtgkMxzqPJGJaUXMghQa6ihQQis1wFQkoRk9Xoz85hMYKxJ9h4MU2or1tIgFZ+ikTnk/ROhjLjR3U1boHh3S8BIkMhqqrON3ylW/5o9B50kwIVUywU2n4u2G3YRnCjRyyay9D/wU2zkzKLiEYSnMLKSMP7Ie3DuqmQ LbzseXDOmhU7o0Tox7GulY/TuRM2XtQEUuqRg+2FlvJP7rWVTMDEx36v98lDM2ttNqLPoS+8ezu2J81nZFpRmC5r+rxpmkmNBRsbQrDHCUA0cYN8JdS/kDM4yjq7/kegxmW5snjeNa4NeC25Pq+dWk0SLZIwfkiATklJyTa3JD6oSTZ/JCXsmb9+59el/e92+04E1mdsgUCks/dhCzoA==</latexit><latexit sha1_base64="J9e6oYEXqM3A0+Fo3Y34ZwMBRhc=">AAACS3icbVDLSgMxFM3UV62vVt25MFgEV2VGBF0KKrhUsA9wSsmkd2owyQzJHW kZuvRr3Opn+AF+hztxYVq7sK0HAodzziX3niiVwqLvf3iFhcWl5ZXiamltfWNzq1zZbtgkMxzqPJGJaUXMghQa6ihQQis1wFQkoRk9Xoz85hMYKxJ9h4MU2or1tIgFZ+ikTnk/ROhjLjR3U1boHh3S8BIkMhqqrON3ylW/5o9B50kwIVUywU2n4u2G3YRnCjRyyay9D/wU2zkzKLiEYSnMLKSMP7Ie3DuqmQ LbzseXDOmhU7o0Tox7GulY/TuRM2XtQEUuqRg+2FlvJP7rWVTMDEx36v98lDM2ttNqLPoS+8ezu2J81nZFpRmC5r+rxpmkmNBRsbQrDHCUA0cYN8JdS/kDM4yjq7/kegxmW5snjeNa4NeC25Pq+dWk0SLZIwfkiATklJyTa3JD6oSTZ/JCXsmb9+59el/e92+04E1mdsgUCks/dhCzoA==</latexit>
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FIG. 5: Snapshots of reactive systems for varying precursor landscapes Ti and Da at (a) Φ˜ = 0.4, (b) Φ˜ = 0.6, and
(c) Φ˜ = 0.8.
instance, the early-stages of cement paste setting [34, 63]
and sedimentation of charged nanoparticles [19], though
we remark that the generality of the framework is readily
adapted to alternative stabilization mechanisms.
For weakly screened particles with a surface charge,
the classical energy contributions that scale with cluster
volume and surface area are supplemented by a higher-
order term that results from Coulomb interactions [64].
Gibbs free energy of formation of such a cluster of N
monomers is approximated by [64]
∆µ˜c = µ˜0(N)−µ˜res = N∆µ˜m0 +N2/3Λσ˜+N5/3
3
2a
λBρ
2
cv
2,
(10)
where ∆µ˜m0 is the change in energy upon placing a free
monomer into the interior of the cluster normalized by
kBT , σ˜ is the surface energy, and Λ is a constant shape
factor. The electrostatic self-energy due to the particles’
surface charge scales with the Bjerrum length λB and
the square of the charge density ρ2c [65], and v is the
characteristic volume of a monomer. The N5/3 depen-
dence of this term derives from the number of Coulomb
interactions measuring ∼ N2, while their mean separa-
tion distance measures ∼ N1/3. This choice of the free
energy landscape, displayed in Fig. 4(a), allows a local
minimum to form stable clusters en route to bulk nu-
cleation. The free energy of formation of such a stable
cluster is denoted by ∆µ˜0 = ∆µ˜c(N ' pia3/6).
In a consistent description of reaction kinetics of
nonequilibrium thermodynamic mixtures, the reaction
complex explores the excess chemical potential landscape
between local minima of cluster vacant sites µex◦ and clus-
ter occupied sites µex• . If expressions for µ
ex
◦ and µ
ex
• are
known and the activation barrier of the transition state
µex‡ can be estimated, the net reaction rate is calculated
from the probabilities of precipitating and dissolving sta-
ble clusters from a lattice as follows [35]:
7R = k0
(
(1− φ˜) exp
(
−µ
ex
‡ − µex◦
kBT
)
− φ˜ exp
(
−µ
ex
‡ − µex•
kBT
))
, (11)
where the likelihood of cluster insertion or deletion is
scaled by the fraction of vacant or occupied sites, re-
spectively, and the attempt frequency, denoted by k0, is
assumed equal in both directions.
With reference to Appendix A, a thermodynamically
consistent choice for the homogeneous parts of the chem-
ical potentials of cluster occupied and cluster vacant sites
read
µh◦ = kBT ln(1− φ˜) + µex◦ = kBT ln(1− φ˜) + Ωφ˜2 + µres
(12a)
µh• = kBT ln(φ˜) + µ
ex
• = kBT ln(φ˜) + Ω(φ˜− 2)φ˜+ µ0,
(12b)
where µex◦ is set to the chemical potential of the reser-
voir plus the mean change in interaction energy upon
adding a vacancy, Ωφ˜2, and µex• is set to the chemical po-
tential of a cluster in a dilute solution plus the mean
change in interaction energy upon inserting a cluster,
Ωφ˜(φ˜−2). It is readily observed that the extensive prop-
erty of the chemical potentials recovers Gibbs energy den-
sity, gh = φµh• + (1− φ˜)µh◦, and that replacing a vacancy
by an occupancy is equivalent to inserting a particle from
an external source, ∆µ = µ•−µ◦. If the transition state
excludes one site during precipitation and dissolution re-
actions [35], and we further estimate its excess chemical
potential from the landscape of Gibbs energy of forma-
tion of a cluster in Eq.(10), we can write
µex‡ = −kBT ln(1− φ˜) + αµex• + (1− α)µex◦ + ∆µ‡, (13)
where α is a symmetry factor measuring the fractional
aggregation of monomers required to reach the transi-
tion state [66], and ∆µcr = α∆µ0 + ∆µ‡ = µ
‡
0 − µres
is the energy barrier with respect to the reservoir po-
tential — otherwise termed the energy of formation of a
critical-sized cluster, for which a geometric interpretation
is given in Fig.4(a). Hence, Eq.(13) assumes the excess
chemical potential of the transition state, µex‡ , to be es-
timated from a weighted average of the excess chemical
potentials of cluster inserted and cluster vacant states
that are separated by a barrier of average height ∆µ‡;
lastly, kBT measures the energetic cost to the system in
occupying a site during the transition. With the help of
expressions in Eqn.(12a), (12b), and (13), the reaction
rate in Eq.(11) can be rewritten as a nonlinear function
of ∆µ,
R = R0
(
exp
(
−α ∆µ
kBT
)
− exp
(
(1− α) ∆µ
kBT
))
, (14)
for which the reaction rate coefficient obeys
R0 = k0φ˜
α(1− φ˜)2−α exp
(
−∆µ‡
kBT
)
. (15)
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FIG. 6: The two-point density correlation functions for
Da = 0.1 as measured by the inverse Fourier transform
of Sq for Φ˜ = 0.6 and Ω˜ = 4.0.
Eq.(14) is the Allen-Cahn-Reaction rate for colloidal clus-
ter formation, for which we highlight several salient fea-
tures: i) It adheres to the De Donder relation requiring
reaction rates to proceed in the direction of the chemical
affinity, sgn(R) = −∆µ. ii) In the limit φ˜ → 0, it recov-
ers the dilute cluster nucleation rate n˙0 = k0 exp(−∆µ˜cr),
an expression consistent with classical nucleation theory.
iii) The reaction rate coefficient R0, adjusts the auto-
catalytic behavior of R through its dependence on the
filling fraction, φ˜.
At this point, it is helpful to recapitulate how physics
at both the scale of the cluster and the mesoscale in-
form R. The formation barrier and size of a cluster is
dictated by ∆µc(N) in Eq.(10) and sets the baseline re-
lation between internal and external potentials ∆µ0, as
graphically represented in Fig. 1(c). Clusters form more
readily if ∆µm0 decreases, the surface energy σ˜ reduces,
or the electrostatic repulsion subsides. Importantly, clus-
ters with attractive interactions can be metastable with
respect to the reservoir potential, where ∆µ0 > 0, yet
lead to stable bulk nuclei at the mesoscale. In theory, the
energy barrier to nucleate a high-density bulk phase from
stable clusters is made up of the stabilizing inter-cluster
repulsive forces and the kinetic energy of the clusters that
transition from translational motion in the gas phase to
vibrational motion in the jammed phase. In practice, the
free energy density is fit to experimental observations of
the miscibility gap and solubility limits by adjusting Ω˜
and κ˜0 [67]; these quantities are otherwise difficult to
measure. As a result, diluting effects of the electrostatic
repulsion upon crowding of clusters and size-dependent
scaling of the cluster-cluster interaction energy are sub-
sumed into these mesoscopic parameters. Bulk nuclei
form once the chemical driving force ∆µ is sufficient to
drive φ˜ into the spinodal region, where Cahn-Hilliard dy-
namics promote phase separation under permitting char-
acteristics of the reaction rate. These characteristics are
explored next.
8E. Results for nonconserved systems
In this section, we explore pattern formation in
reactive-diffusive systems by adjusting the thermody-
namic landscape of clusters, while maintaining a constant
reservoir potential and inter-cluster attraction. We elect
to modify the landscape as follows: Decreasing ∆µm0 low-
ers ∆µ0 and shifts the symmetry of the reaction rate
toward lower α (see Fig. 4(a)). Fig. 4(b) plots four sam-
ple reaction rates, whose parameters are listed in Table I.
To make predictions about stability and dominant length
scales, a linear stability analysis of the reaction-diffusion
equation, Eq.(1), is performed in Appendix B. We show
that stability is ensured by a negative growth rate coeffi-
cient, ω(φ˜h, q) < 0, which measures the rate of change of
small sinusoidal fluctuations δφ˜ with wavenumber q from
a homogeneous base-state φ˜ = φ˜h. For a purely reactive
system, where D = 0, the auto-catalytic rate A predicts
stability if [68],
A|µres =
(
∂R
∂φ˜
+
∂R
∂µ
dµh
dφ˜
)
< 0 (16)
The auto-catalytic rates are plotted on the secondary
axis in Fig. 4(b), where it is shown that decreasing ∆µ0
makes R more auto-inhibitory. Thus, increasingly stable
clusters suppress preferential precipitation onto existing
bulk phases. To further analyze the implications of an
auto-inhibitory reaction rate, Fig. 4(c) displays the inte-
grated growth rate of unstable modes in course of reac-
tion
∫
ω˜R dt˜, where ω˜ is the linearized growth rate of the
q˜ Fourier mode [68]. Growth rates are plotted for differ-
ent ∆µ0 and Damko¨hler number Da = n˙0l
2/D0, where
D0 = kBT/3piηa and n˙0 = R(φ˜ → 0) = k0 exp(−∆µ˜cr)
are the diffusivity and cluster nucleation rate in a di-
lute suspension, respectively. Increasing Da dampens
the peak in
∫
ω˜R dt˜ caused by the Cahn-Hilliard kernel,
and simultaneously decreasing ∆µ0 — that is, increasing
the stability of the pre-nucleation clusters — allows near
complete suppression of mode growth.
These predictions are verified by the pattern evolution
depicted in Fig. 5(a)-(c) for increasing reaction extents
Φ˜ = {0.4, 0.6, 0.8}. The characteristic size of the emer-
gent bulk nucleii scale as ∼ (κ/(dµh/dφ˜))1/2 and depend
critically on the location within the spinodal region at
which fluctuations grow. Strongly diffusive clusters (low
Da) phase separate readily near the spinodal, amplify-
ing large wavelengths, whereas reaction-controlled dy-
namics (high Da) delay the growth of instabilities toward
higher Φ˜, forming smaller nucleii in larger abundance or
proceeding by spinodal decomposition. Importantly, dy-
namic arrest in diffusion at φ˜g halts Cahn-Hilliard mode
growth, indicating that microtextural patterns in attrac-
tive colloids are determined in the low density portion of
the spinodal region. As ∆µ0 is decreased, further clus-
ter insertion shifts from surface growth of bulk nucleii
toward homogeneous densification; similar observations
were made in molecular-dynamics simulations of crystal-
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FIG. 7: Mean pore size m˜z in function of the overall
packing fraction. The shaded domain corresponds to
the spinodal region, red and blue lines correspond to T1
and T4, respectively, and solid, striped, and dotted lines
correspond to Da = 0.1, 0.4., and 1.0, respectively.
lizing Lennard-Jones fluids in Ref. [69]. These physics
are further reflected in the two-point density correlation
function C˜2 plotted in Fig. 6(b), where auto-inhibitory
kinetics moderate its amplitude and move the location
of the second peak toward closer separation distances
r˜. That is, as A becomes less positive, the mean pack-
ing fraction of the gel-phase Φ˜g behaves increasingly lin-
early with the overall reaction extent (see inset of Fig 7)
and density fluctuations form at smaller wavelengths.
Lastly, we calculate the mean pore size mz from the pore-
chord length probability density function with threshold
φ˜g between gas and gel phases, using the following rela-
tion [70]:
mz =
∫ ∞
0
zp(z)dz, (17)
where p(z) is the pore-chord length probability density
function and z measures the length of a sampled chord.
As seen in Fig. 7, the location of onset of bulk nucle-
ation predicts m˜z prior to entering Avrami-like growth,
where precipitation at lower ∆µ0 universally produces
smaller pores. This reduction in pore size is facilitated
both by accessing smaller wavelengths at phase separa-
tion, and more uniformly precipitating stable precursors
once the cluster aggregates have dynamically arrested.
Mesoscale texture is critical in predicting a host of impor-
tant material properties — elasticity, fracture toughness,
fluid and electrical conductivity, to name a few — and
Fig. 7 shows that pattern formation can be controlled if
the reaction rate is adjusted within the mobile portion
of the spinodal region. The most important finding of
our model is that the thermodynamic landscape of the
prenucleation clusters is instrumental in suppressing or
enhancing mesoscopic: By increasing the stablility of the
clusters, which concurrently lowers α, the range of the
unstable growth modes of the Allen-Cahn reaction ker-
nel narrows and shifts outside the spinodal region of the
Cahn-Hilliard diffusion kernel.
9III. CONCLUSIONS
In summary, we have developed a mean-field, nonequi-
librium thermodynamic model for interacting colloids
that respects experimental observations made at two es-
sential length scales: Clusters nucleate as stable building
blocks at the microscale [71], and aggregate into an ar-
rested, out-of-equilibrium structure at the mesoscale [7,
55]. Including a variable, entropic gradient energy
penalty in Gibbs free energy provides a new physics-
grounded approach to simulate the evolution of mean-
field gel patterns. Previous studies have proposed control
of the reaction rate to modulate dominant wavelengths
during phase separation [36, 68, 72]. But the expressions
derived in Eq.(14) and Eq.(15), which marry the reactive
landscape of stable intermediates into the Allen-Cahn-
Reaction equation [35], lend new precision: They provide
a template to manipulate bulk colloidal structures that
emerge from stable pre-nucleation clusters by adjusting
∆µ0 upon entering the mobile portion the spinodal re-
gion. While, the present study focused on the response
of homogeneous systems to sudden changes in the nor-
malized attractive strength and supersaturation of the
solution (i.e., ∆µ˜m0 ), future work should assess how ad-
justments in the reservoir potential in course of reaction
can manipulate ensuing colloidal patterns. This could
advance design of tailor-made colloidal structures that
enhance selected mechanical properties.
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Appendix A: Chemical potential of vacancies and an occupancies
We briefly outline relations for the homogeneous chemical potentials of a vacancy µh◦ and an occupancy µ
h
•. Using
the classical thermodynamic definition of a chemical potential, µh◦ quantifies the change in Gibbs free energy due to
a change in the number of vacancies (voids) N◦ while keeping the temperature T , the pressure P (which we have not
explicitly defined), and number of occupancies (clusters) N• constant,
µ◦ =
(
∂G
∂N◦
)
N•,T
=
(
∂G
∂V
)
φ,T
(
∂V
∂N◦
)
N•,T
+
(
∂G
∂φ˜
)
V,T
(
∂φ˜
∂N◦
)
N•,T
. (A1a)
Above, V is the system volume and an equivalent expression can be written for µ• by replacing N◦ with N•. Assuming
G = V [nskBT (φ˜ ln(φ˜) + (1 − φ˜) ln(1 − φ˜) − φ˜2Ω˜) + φ˜µ0 + (1 − φ˜)µres] and noting the total number of sites as
Ntot = V ns = N◦ +N• with packing density φ˜ = N•/Ntot, Eq.(A1) readily yields
µh◦ = (g
h/ns)− φµh = kBT ln(1− φ˜) + Ωφ˜2 + µres (A2a)
µh• = (g
h/ns) + (1− φ)µh = kBT ln(φ˜) + Ω(φ˜− 2)φ˜+ µ0. (A2b)
Here, Ωφ˜2 is the mean change in interaction energy attributed to adding a new site into the lattice, while −2Ωφ˜ mea-
sures the mean change in interaction energy upon placing a cluster into that site. The derivation for the inhomogeneous
case may similarly be derived using the calculus of variations.
Appendix B: Linear stability analysis of the reaction-diffusion equation
This Appendix outlines the criterion for stability of our reaction-diffusion equation that describes the nonequilibrium
thermodynamics of attractive colloids, Eq.(1). The derivation follows closely the procedure outlined by one of the
author in Ref. [68], which may be consulted for additional details. Starting from a homogeneous base state where
φ˜(x) = φ˜h, the field is perturbed by small fluctuations δφ˜. We measure the aggregate strength of the fluctuations by
the l2-norm of the perturbation field,
L = 1
2
∫
V
(δφ˜)2dV. (B1)
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For a base state to be stable with respect to the dynamics imposed by Eq.(1), L must be a decreasing function of
time. That is,
Stable if:
dL
dt
=
∫
V
δφ˜
(
∂δφ˜
∂t
)
dV =
∫
V
(
−D(∇δφ˜)2 +A(δφ˜)2
)
dV < 0, (B2)
where the chemical diffusion D and auto-catalytic rate A,
D = Lδµ˜
δφ˜
(B3a)
A = δR
δφ˜
=
∂R
∂φ˜
+
∂R
∂µ˜
δµ˜
δφ˜
+
∂R
∂µ˜res
∂µ˜res
∂φ˜
, (B3b)
are evaluated at φ˜(x) = φ˜h and L = Dφ/kBT is the Onsager coefficient. Next, the variational derivative of the
internal chemical potential µ˜ simplifies to
δµ˜
δφ˜
=
δ2G
nskBT (δφ˜)2
=
dµ˜h
dφ˜
+ κ˜
(∇δφ˜)2
(δφ˜)2
, (B4)
once insignificant terms dependent on ∇φ˜ are removed. Lastly, we choose the perturbation to be sinusoidal with
Fourier frequency q, for which ∇δφ˜ = qδφ˜. If the growth rate of the perturbation is linearized as (∂(δφ˜)/∂t) = ωδφ˜
with growth rate coefficient ω, the stability criterion in Eq.(B2) can be rewritten as
Stable if:
dL
dt
= ω
∫
V
(δφ˜)2dV < 0, (B5)
with
ω(φ˜h, q) =
(
∂R
∂φ˜
+
∂R
∂µ˜res
∂µ˜res
∂φ˜
)
+
(
∂R
∂µ˜
− Lq2
)(
dµ˜h
dφ˜
+ κ˜q2
)
. (B6)
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